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ABSTRACT : Phytogeographical study of gymnosperms in Taiwan is carried out based on reviewing data gathered from published 
papers on fossils, phytogeny and phytogeography. Following questions are asked. (1) How is the high degree of endemism of 
gymnosperm flora of Taiwan derived? (2) How many source areas of gymnosperms in Taiwan are there? (3) Is there relation 
between distribution pattern of endemic gymnosperms in Taiwan and those of their sister species? (4) How do gymnosperms 
migrate to Taiwan? 

In total, 28 taxa including 19 species and 9 varieties of gymnosperms are in Taiwan. Compared to the Flora of Taiwan 2 nd edition, 
Nageia fleuryi is excluded and Pinus taiwanensis var. fragilissima is added in this paper. Species status of Calocedrus formosana 
and Tsuga formosana and variety status of Cunninghamia lanceolata var. konishii are retained. Scientific names are adopted for 
Juniperus morrisonicola instead of J. squamata and for Juniperus tsukusiensis var. taiwanensis instead of J. chinensis var. 
taiwanensis. According to distribution patterns, these 28 taxa may be categorized into tropical origin (TO), Southern Hemisphere 
origin (SMO) and Northern Hemisphere origin (NMO). 

Gymnosperms in Taiwan with high degree of endemism, 78.5%, may owe to woody habit, which is wider in ecological niche 
compared to herbaceous one and would be less sensitive to the environmental changes, and owe to temperate essence that is more 
easily to find shelters during temperature fluctuations. 

Taxa of TO and SMO are inclined to inhabit tow altitudes and sporadically distributed, whereas taxa of NMO are inclined to inhabit 
middle to high altitudes, especially in northern and central Central Mountain Range and may be widely or restrictedly distributed. 

Distribution patterns of endemic taxa of NMO in Taiwan are related with those of their sister species. Taxa with sister species in 
higher latitudes such as Japan, northwestern China and central China are distributed in higher altitudes with midpoint of altitudinal 
distribution over 1800 m, while those with sister species in tower latitudes such as South China, southern South China, southeastern 
China are distributed in tower altitudes with midpoint of altitudinal distribution under 2000 m. 

Most fossil histories of endemic taxa of NMO may trace back to Asia or North America (NAM) except Juniperus morrisonicola that 
may trace back to Europe. For those traced back to NAM, ancestors in NAM migrated to northeastern Asia via Biringia, from where 
dispersed southward either to Japan, or to northern China and then to central and eastern China. From Japan, ancestors either 
migrated southward through the Ryukyus to Taiwan if sister species were restricted to Japan, or they might have dispersed to 
continental Asia and evolved when Japan was a part of continental Asia and further migrated southward via East China Sea’s land 
bridge to Taiwan. From central or eastern China, ancestors migrated southward either via East China Sea’s land bridge or through 
southeastern China via Tungshan land bridge to Taiwan. Ancestors in Europe migrated southward to the Himalayas, from where 
through the Yun-Kue Plateau, Nanling via Tungshan land bridge to Taiwan. 

Southwestern China (SWC) plus IndoChina is both refuge and dispersal center. Taxa of SMO might have dispersed from the South 
Hemisphere through southeastern Asia to IndoChina, from where migrated either through southern South China via South China 
Sea’s land bridge to southern Taiwan, or through South China via Tungshan land bridge to central Taiwan. If taxa of NMO share 
short genetic distance with their sister species in SWC, their migration routes would be like those of SMO. However, if taxa of NMO 
share longer genetic distance with their sister species in SWC, one lineage of their ancestors, possibly distributed in central China 
then, migrated through southeastern China via Tungshan land bridge to Taiwan while another lineage in central China further 
dispersed to SWC and produced disjunct distribution patterns. 

Taxa of gymnosperms in Taiwan distributed in higher altitudes are inclined to have sister species distributed in higher latitudes. 
However, horizontal distribution patterns of gymnosperms in Taiwan may be blurred by tong history of colonization. Thus 
horizontal distribution patterns can only be explained by obtaining more data on fossils and paleogeography of such taxa in Taiwan. 
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INTRODUCTION 

Gymnosperms are seed plants with naked ovules 
(Bell and Hemsley, 2000). Extant gymnosperms are 
classified into four classes, namely Cycadidae, 
Ginkgoidae, Gnetidae and Pinidae, each with 2, 1,3, 12 
families and 10, 1, 3 and 69 genera (Christenhuszi el 
al., 2011). Distribution patterns of genera of Pinidae are 
either primarily of the Northern or Southern 
Hemisphere and both patterns are overlapped in 
southeastern Asia, and each pattern can be further 
distinguished into restricted or disjunct distribution (Li, 
1953; Conteras-Medina and Vega, 2002). Nine areas of 
endemism of gymnosperms, namely, southwestern 
China, Japan, New Caledonia, western North America, 
Mesoamerica, southern South America, eastern 
Australia, Tasmania and southern Africa are recognized 
(Conteras-Medina and Vega, 2002). Southeastern Asia 
plus southwestern China is considered the most 
important diversity center of gymnosperms regarding 
species richness per 10,000 km 2 (Mutke and Barthlow, 
2005). Taiwan is situated near mainland China and 
Japan and its gymnosperm flora contains 5 families 
(Cupressaceae, Cycadaceae, Pinaceae, Podocarpaceae 
and Taxaceae, based on the classification of 
Christenhuszi et al. (2011)), 17 genera, and 28 taxa 
(Editorial Committee of the Flora of Taiwan 2 nd edition, 
1994). They are distributed in Taiwan proper, except 
one species, Podocarpus costalis, in Lanyu, 
southeastern isle off Taiwan. 

Among these 28 taxa, 64.3% is endemic compared 
to 26.2% for all vascular plants in Taiwan (Hsieh, 
2002). Such a high degree of endemism in gymnosperm 
flora of Taiwan requires an explanation. Regarding 
distribution pattern, three distribution types have been 
recognized for genera of conifers in Taiwan (Liu, 
1966): primarily of the Northern or Southern 
Hemisphere, disjunct between eastern Asia and North 
America, and restricted to East Asia. For family 
distribution, most families in Taiwan are primarily of 
the Northern Hemisphere except Cycadaceae of tropics 
and Podocarpaceae of the Southern Hemisphere. 

Liu (1966) carried out an intensive study on 
phytogeography of gymnosperms in Taiwan by 
reviewing taxonomy of each taxon and comparing their 
distribution patterns. He (Liu, 1966) concluded that 
relationship between gymnosperm flora of Taiwan and 
China was direct while that between Japan and Taiwan 
was indirect. By reviewing distribution patterns of 
gymnosperms of the world, Li (1978) also reached the 
conclusion that Taiwan was rich in relict conifers and 
taxads, and gymnosperm flora of Taiwan was more 
related to mainland China than to Japan. Since then, 
many phylogenetic studies of gymnosperms based on 
molecular data have been carried out and many data 


about geology and fossils have been published. Thus it 
is attempted to summarize what have known about the 
phytogeography of gymnosperms in Taiwan based on 
published data on fossils, phylogeny and 
phylogeography to further understanding the possible 
reasons behind the distribution patterns and to serve as a 
model for extrapolating to the flora of Taiwan. 
Moreover, it is also to respond the idea proposed by 
Huang (2011) that determining the relation between 
distribution patterns of taxa in Taiwan and their source 
areas or distribution patterns of their sister taxa is a part 
of the study of historical biogeography of the Flora of 
Taiwan. Hence following questions are asked in this 
paper. (1) How is the high degree of endemism of 
gymnosperm flora of Taiwan derived? (2) How many 
source areas of gymnosperms in Taiwan are there? (3) Is 
there relation between distribution pattern of 
gymnosperms in Taiwan and those of their sister 
species? (4) How do gymnosperms migrate to Taiwan? 

MATERIALS AND METHODS 

Taxa of gymnosperms in Taiwan were compiled 
mainly based on the Flora of Taiwan 2 nd edition 
(Editorial Committee of the Flora of Taiwan 2 nd edition, 
1994) and published papers afterward. Distribution 
patterns of gymnosperms in Taiwan, mainly following 
Liu (1966) and modified with updating data, was 
compiled and summarized in Table 1. Horizontal 
distribution pattern of each taxon in Taiwan was 
described by distribution districts recognized by Huang 
(2011), and vertical distribution pattern of each taxon 
was expressed by the average of its elevational 
distribution as midpoint altitudinal distribution. Sister 
species were determined by published phylogenies of 
each taxon and topologies of phylogenies were 
described in Venn diagrams ( cf. Kitching et al., 1998). 
Genetic distance (p = n/l, where n is the number of 
substitutions and / is the length of aligned sequences, 
while number of indels are excluded from counting as 
variation) between gymnosperms in Taiwan and their 
sister populations or species were calculated by aligning 
and comparing the similarity of sequences of gene 
markers. It was carried out by uploading a sequence 
belonging to taxon of gymnosperms in Taiwan to 
GenBank (http://www.ncbi.nlm.nih.gov/) and using 
BLAST program employed in the website to align and 
then calculated number of substitions manually. 

RESULTS 

Phylogeny, fossil history and distribution pattern of 
each taxon of gymnosperms in Taiwan 
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Cycas L. 

Cycas contains about 90 species in six sections, 
namely Asiorientalis, Cycas, Indosinenses, 
Panzhihuaenses, Stangerioides and Wadeanae (Hill, 
2011), with the species diversity center in IndoChina (40 
species), and it is distributed in islands and coast of 
continents along the Indian and Pacific Ocean (Hill, 
2008). One endemic species belonging to section 
Asiorientalis is in Taiwan. Fossil Cycas was reported in 
the Eocene of China and Japan (Hill, 2008), and in the 
late Miocene of Nanchuang, Taiwan (Li, 2000). 

Cycas taitungensis Shen et al. 

C. taitungensis inhabits dry and open cliff of 
southeastern Taiwan at elevations of 300-950 m (Shen 
and Tsou, 1994). Morphologically it differs from C. 
revoluta , distributing in the Ryukyus and southeastern 
China where natural populations have not found for a 
long period of time, only by straight flat leaf margin 
instead of revolute one (Chen and Stevenson, 1999). C. 
taitungensis is a sister species of C. revoluta and these 
two species are related to C. panzhihuaensis from 
Yunnan based on cpDNA data (Kyoda and Setoguchi, 
2010). However, nrlTS tree (BLAST and shown by 
distance tree in GenBanK web site, accessed in January, 
2013) described in Venn diagram as (C. revoluta, (C. 
panzhihuaensis, (C. taitungensis, C. hainanensis))) 
implied that C. hainanensis was also related to these 
three species. Based on cpDNA haplotypes (Kyoda and 
Setoguchi, 2010: Table 2), the linear relationship showed 
that C. panzhihuaensis was three steps to C. taitungensis 
that was one step to C. revoluta in the southern Ryukyus 
and the latter is one step to C. revoluta in the northern 
Ryukyus (Table 1). Although fossil Cycas has been 
found from the late Miocene of Nanchuang, Miaoli 
County in northwestern Taiwan (Li, 2000), the 
relationship of the fossil and C. taitungensis has not yet 
determined. Since extant Cycas has a tropical 
distribution pattern (Hill, 2008), according to the 
haplotype lineage, it is likely that ancestor of C. 
taitungensis, probably inhabiting IndoChina, has 
migrated through southern South China via South China 
Sea’s land bridge (cf Shen, 1997; Fig. 1) to southern 
Taiwan during the glaciations. It then further migrated to 
southeastern part later and colonized there till present. 

Taxus L. 

Taxus is a genus of Northern Hemisphere with 7-10 
species (Page, 1990; Farjon, 2010). One species, T. 
sumatrana, distributing from the eastern Himalayas to 
southeastern China and Taiwan and to Malesia (Editorial 
Committee of the Flora of Taiwan 2 nd edition, 1994), is 


in Taiwan. 

Taxus sumatrana (Miq.) de Laubenfel 

In Taiwan, T. sumatrana inhabits moist forest at 
elevations of 1000-3000 m of Hsueshan and Central 
Mountain Ridge (Liu, 1966). Delineation of species of 
Taxus is not clear (Hao et al., 2008). Farjon (2010) 
treated Taiwan’s species as T. mariei distributing mainly 
in central and southeastern China. Based on DNA data 
(Liu et al., 2011), phylogeny can be described in Venn 
diagram as ( T. mairie, ( T.. sumatrana-Tamnn, (T.. 
sumatrana-T&man, T. sumatranus- Philippines))). 
Taiwan’s samples formed a clade with those from the 
Philippines, and this clade is sister to T. mairie. Because 
in the clade formed by Taiwan’s and Philippines’ 
samples, Taiwan’s samples were paraphyletic and arose 
from basal nodes, implying Taiwan’s population could 
be older than that from the Philippines. In consequence, 
the dispersal direction would be from Taiwan to the 
Philippines, as the case of Euphrasia philippinensis 
clearly shown by molecular phylogeny (Wu et al., 2009). 
Thus the ancestor of Taiwan’s population is probably 
derived from southeastern China via the Tungshan land 
bridge ( cf. Lin, 1982; Fig. 1) and colonized northern 
Taiwan. 

Amentotaxus Pilger 

Amentotaxus contains six species distributing in 
India, China, Vietnam and Taiwan (Farjon, 2010). One 
endemic species is in Taiwan (Editorial Committee of the 
Flora of Taiwan 2 nd . edition, 1994), but Farjon (2010) 
mentioned two species including A. formosana and A. 
argotaenia. Without further proof of the existence of A. 
argotaenia in Taiwan, one species is considered here. 
Fossil Amentotaxus were found from the Upper 
Cretaceous to Miocene of North America (Manchester, 
2009) and from the Paleocene to Lower Pliocene of 
Europe (Ferguson et al., 1978; Manchester, 2009), while 
no fossil records were found from Asia (Manchester, 
2009). 

Amentotaxus formosana Li 

A. formosana inhabits moist broad-leaved forest at 
elevations of 800-1300 m in southern Taiwan (Liu, 
1966). It is a sister species to the clade composed of A. 
argotaenia and A. yunnanensis from China based on 
cpDNA phylogenetic tree (Hao et al., 2008). However, A. 
formosana and A. yunnanensis shared the shortest genetic 
distance among related species, and the genetic distance 
of A. formosana and A. yunnanensis is the longest among 
those of Taiwan’s gymnosperms and their sister species 
based on cpDNA and mtDNA (Table 1; Huang, 2011), 
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Fig. 1: Postulated migration routes of endemic taxa of gymnosperms in Taiwan. Background map is modified from Qui et al. 
(2011: Fig. 1). Empty circles represent possible source areas from where migrated to Taiwan. Numbers inside the circles and 
beside arrows are postulated migration routes. Route 1 indicated that the source area was Japan and from where plants 
migrated through the Ryukyus to Taiwan. Route 2 indicated that the source area was also Japan and from where plants 
migrated to eastern China when Japan was a part of continental area and then moved southward to south eastern China, 
and either through East China Sea’s land bridge or Tungshan land bridge to Taiwan. Route 3 indicated that the source area 
was northeastern China and from where plants migrated southward to eastern China and southeastern China and then 
moved through Tungshan land bridge to Taiwan. Route 4 indicated that the source area was northeastern China and from 
where plants migrated to northern China and central China. From central China, plants either migrated southward to 
southeastern China and then moved via Tungshan land bridge to Taiwan, or continued to migrate to refuge of southwestern 
China. Route 5 indicated that the source area was southwestern China and from where plants migrated eastward through 
the Yun-Kue Plateau, Nanling to southeastern China and through Tungshan land bridge to Taiwan. Route 6 indicated that the 
source area was IndoChina and from where plants migrated through southern South China either from South China Sea's 
land bridge or Tungshan land bridge to Taiwan. 


indicating that it has colonized Taiwan for a long period 
of time. Evidence of inter simple sequence repeat 
(ISSR) also suggests that A. formosana is more related 
to A. yunnanensis and these three species may have 
evolved in radiation (Ge et al., 2005: Fig. 2). A. 
yunnanensis is distributed in Vietnam and Yunnan and 
Kuechou, southwestern China, and A. argotaenia is 
distributed in Vietnam and southern, southwestern, and 
central China excluding Yunnan (Fu et al., 1999). Fossil 
records have suggested that extant Amentotaxus has 
migrated from the northern higher latitude. Since A. 


formosana has diverged for a long time, and it is a sister 
species to the clade formed by Chinese species, and 
these three species might have evolved radiately, it is 
postulated that ancestor of these three species might 
have migrated from northeastern China to central 
China. From there, one lineage migrated through 
southeastern China to Taiwan via Tungshan land bridge 
to become A. formosanum, and another lineage 
migrated to refuge of southwestern China to become A. 
yunnanensis that further evolved to A. argotaenia. 
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Table 1: Gymnosperms in Taiwan and their phylogenies and distribution pattern. (A: Mid point of altitudinal range (meter) in 
Taiwan. B: Distribution pattern in Taiwan by district. C: Related species with the shortest genetic distance and its 
distribution. D: DNA markers. E: Shortest genetic distance ( p=nll ), /: length of sequence, n: number of substitutions. F: 
Relationship of the species shown by Venn diagram. G: Relationship of the species shown by Venn diagram with area 
replacing species. H: Possible migration route of the taxa. I: Reference for phylogeny. * 1: Northeastern Taiwan; 2: 
North-central Taiwan; 3: Center-northern Taiwan; 4. Central Taiwan; 5. Southern Taiwan; 6: South-southern Taiwan; 7. 
Hengchun peninsula; 8: Southeastern Taiwan; 9: Eastern Taiwan. @ C: central; NAM: North America; NE: northeastern; NW: 
northwestern; S: southern; SE: southeastern; SS: southern most; SW: southwestern; W: western. N/A: not available). 


Taxa 

A 

B* 

c@ 

D 

E 

F 

G® 

H® 

i 

Cycadaceae 

Cycas taitungensis 

600 

8 

C. revoluta; 
Ryukyus 

16S RNA-23S RNA, 
matK, psbC-trnS, 
rpl20-rpll2, rps4-trnL, 
trnL-trnF, trnS-trnG, 
trnS-JM cpDNA 

0.0001 

(C. panzhihuaensis, 
(C. taitungensis, C. 
revoluta)) 

(SWChina, 

(Taiwan, 

(SRyukyu, 

NRyukyu))) 

SWChina 
through 
SSChina via 
South China 
Sea’s land 
bridge 

Kyoda & 
Setoguchi, 
2010 

Nadi mtDNA 

0 

N/A 

N/A 

Taxaceae 

Taxus sumatrana 

2000 

2-6,9 

T. mairie 

E, SEChina 

rbcL, matK, trnH-psbA, 
trnL-trnF cpDNA 

N/A 

( T. chinensis, (T. 
mairie, (T. 
sumatrana, T. 
sumatrana ))) 

(S,CChina, 

(SEChina, 

(Taiwan, 

(Taiwan, 

Philippine)))) 

SE China via 
Tungshan 
land bridge 

Liu et al., 
2011 

ITS nrDNA 

0.006 

N/A 

N/A 

Amentotaxus 

formosana 

1050 

6 

A. yunnanensis; 
SWChina; 

matK, psbA-trnH, rbcL, 
rps4, trnL-trnL-trnF 
cpDNA 

0.0086 

{A. formosana, (A. 
yunnanensis, A. 
argo taenia )) 

(Taiwan, 

(SWChina, 

China)) 

CChina 
through 
SEChina via 
Tungshan 
land bridge 

Hao et al., 
2008 

Nadhl mtDNA 

0.0155 

N/A 

N/A 

GenBank 

Cephalotaxus 

wilsoniana 

2000 

2-6,9 

C. harringtonia; 
Japan. 

chlL, matK, psbA-trnH, 
rbcL, rpocl, trnL-trnF 
cpDNA 

0.0021 

(C. harringtonia, (C. 
wilsoniana, (C. 
koreana, C. 
harringtonia cv. 
fastigiata ))) 

(Japan, (Taiwan, 
(Korea + 
NEChina, 
Japan))) 

Japan via 
Ryukyus 

Hao et al., 
2008 

Podocarpaceae 

Nageia nagi 

250 

1-2, 7, 8-9 

N. nagi; 

Vietnam, 

SChina and 
SJapan 

psbA-trnH and trnL-trnF 
cpDNA 

0 

( N . fleuyri, (C. nagi, 

C. nagi)) 

(SWChina, 

(SChina, 

Taiwan)) 

SSChina via 
South China 
Sea’s land 
bridge 

Present 

paper 

Podocarpus costalis 

20 

Lanyu, islet 
close to 8 

P. costalis ; 
Philippines 

matK, psbA-trnH, 
trnL-trnF cpDNA 

0 

(P. coastalis, (P. 
nakaii, (P. fasciculus, 
P. macrocarpus var. 
macrocarpus, P. 
macrocarpus var. 
maki))) 

(Philippines, 

Lanyu) 

Philippines 

Present 

paper 

Podocarpus 

fasciculus 

2000 

2-4, 

P. 

macrophyllus; 
China, Taiwan, 
SJapan 

matK, psbA-trnH, 
trnL-trnF cpDNA 

0 

(P. fasciculus, P. 
macrocarpus var. 
macrocarpus, P. 
macrocarpus var. 
maki) 

Probably 

(Taiwan, 

Taiwan) 

Taiwan 

Present 

paper 

Podocarpus 
macrphyllus var. 
macrophyllus 

300 

7 

P. macrphyllus 
var. maki; 

China, 

Taiwan, SJapan 

matK, psbA-trnH, 
trnL-trnF cpDNA 

0 

(P. fasciculus, P. 
macrocarpus var. 
macrocarpus, P. 
macrocarpus var. 
maki) 

Probably 
(China, Taiwan) 

SSChina via 
South China 
Sea’s land 
bridge 

Present 

paper 

Podocarpus 
macrphyllus var. 
maki 

500 

1,6, 8,9 

P. macrphyllus 
var. 

macrophyllus; 
China, Taiwan, 
SJapan 

matK, psbA-trnH, 
trnL-trnF cpDNA 

0 

(P. fasciculus, P. 
macrocarpus var. 
macrocarpus, P. 
macrocarpus var. 
maki) 

(China, Taiwan) 

SSChina 
through 
SEChina via 
South China 
Sea’s land 
bridge 

Present 

paper 

Podocarpus nakaii 

650 

4 

P. annamiensis; 
Myanmar, 
Vietnam and 
Hainan, China 

matK cpDNA 

0.0025 

(P. annamensis, P. 
fasciculus) 

Probably 
(S SChina, 
Taiwan) 

SSChina 
through 
SEChina via 
Tungshan 
land bridge 

Present 

paper 

Pinaceae 
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Abies kawakamii 

3050 

2-6 

A. ziyuanensis; 
CChina; 

ITS nrDNA 

0.0164 

(A. kawakamii, A. 
homolepis, A. 
ziyuanensis, A. 
chensiensis ) 

(Taiwan, 

CChina, Japan, 
NChina) 

CChina 
through 
SEChina via 
Tungshan 
land bridge 

Xiang et 
al., 2009 

Keteleeria davidiana 
var. formosana 

600 

1,6 

K. davidiana var. 
davidiana; 
SWChina; 

matK, rbcL, rps4, 
trnK-matK cpDNA 

0.0006 

(K. fortunei, (K. 
davidiana var. 
davidiana, K. 
davidiana var. 
formosana )) 

(EChina, 

(SWChina, 

Taiwan)) 

SWChina 
through 
SSChina via 
South China 
Sea’s land 
bridge 

GenBank 

Picea morrisonicola 

2750 

3-5 

P. torano; 

Japan 

petN-psbM-trnD, 
trnT-trnF cpDNA 

0.0011 

(P. morrisonicola, 

(P. torano, P. 
neoveitchii), P. 
chihuanuana, P. 
maximowiczii) 

(Taiwan, (Japan, 
NChina), 
Mexico, Japan) 

Japan via 
Ryukyus 

Ran et al. 
2006 

P. maximowiczii; 
Japan; 

matK, rbcL, 
trnT-trnL-trnF cpDNA 

0.0009 

N/A 

N/A 

GenBank 

P. maximowiczii; 
Japan; 

Nad5 mtDNA 

0.0009 

N/A 

N/A 

Ran et al. 
2006 

Pinus armandii var. 
masteriana 

2800 

2-6 

P 

kwangtungensis; 
SChina; 

P. armandii var. 
armandii; 

CChina, SJapan, 

LEA nrDNA 

0 

(P. armandii var. 
armandii, (P. 
morrisonicola, (P. 
armandii var. 
masteriana, P. 
dalatensis), (P. 
kwangtungensis, P. 
dalatensis )) 

(Himalaya, 

(CChina, 

(Taiwan, 

(Taiwan, 

Vietnam), 

(SChina, 

Vietnam))) 

CChina 
through 
SEChina via 
Tungshan 
land bridge 

Syring et 
al., 2007 

Pinus massoniana 

400 

1-3 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Pinus morrisonicola 

1300 

1-6 

P 

kwangtungensis; 

S China, 

Vietnam, and 
other many 
species 

matK, trnG cpDNA 

0.0009 

N/A 

N/A 

CChina 
through 
SEChina via 
Tungshan 
land bridge 

Liston et 
al., 2007; 

P. 

kwangtungensis; 

S China, Vietnam 

LEA nrDNA 

0.0043 

(P. armandii var. 
armandii, (P. 
morrisonicola, (P. 
armandii var. 
masteriana, P. 
dalatensis), (P. 
kwangtungensis, P. 
dalatensis)) 

(CChina, 

(Taiwan, 

Taiwan, 

Vietnam, 

(SChina, 

Vietnam)) 

Syring et 
al., 2007 

Pinus taiwanensis 

1950 

2-5, 8-9 

P. thunbergii, 
Japan. 

atpB-rbcL, matK, rbcL, 
rpl20-rps8, trnV cpDNA 

0.0008 

(P. taiwanensis, (P. 
hwangshanensis, P. 
luchuensis, P. 
thunbergii, P. 
tabuliformis, (P. 
kesiya, (P. densata, 

P. yunnanensis)))) 

(Taiwan, 

(China, Japan)) 

EChina 
through 
SEChina via 
Tungshan 
land bridge 

Present 

paper 

P. 

hwanshanensis, 

E China 

Nadh\ mt DNA 

0 

N/A 

N/A 

Pinus taiwanensis 
var. fragilissima 

800 

8 

P. taiwanensis; 
Taiwan 

atpB-rbcL, matK, rbcL, 
rpl20-rps^>, trnV cpDNA 

0 

(P. taiwanensis, P. 
taiwanensis var. 
fragilissima) 

(Taiwan, 

Taiwan) 

Taiwan 

Present 

paper 

Pseudotsuga 

wilsoniana 

1650 

2-5, 8-9 

P. gausenii; 

E. China 

atpB-rbcL, matK, rbcL, 
rpl2Q-rps%, trnV cpDNA 

0.0002 

{P. japonicus, (P. 
wilsoniana, P. 
gausenii, P. sinensis, 
P. forestii, P. 
brevifolia)) 

(Japan, (Taiwan, 
China)) 

EChina 
through 
SEChina via 
Tungshan 
land bridge 

Wei et al., 
2010 

P forestii; 

SW China 

LEAFY nrDNA 

0.0024 

(P. forestii, (P. 
wilsoniana, P. 
brevifolia)) 

(SWChina, 

(SWChina, 

Taiwan) 

P. gausenii; 

E. China 

LEAFY nrDNA 

0.0024 

(P. wilsoniana, (P. 
gausenii, P. sinensis, 
P. japonicus)) 

(Taiwan, 

(EChina, 

Japan)) 

P. gausenii; 

E. China 

Nad5, cox 1 mtDNA 

0.0004 

N/A 


Tsuga formosana 

2750 

2-6 

T. dumosa; 
Himalaya; 

T. sieboldii; 

Japan 

rpl 16, trnk-matK, 
trnL-trnL-trnF cpDNA 

0.0033 

(T. canadensis, (T. 
dumosa, T. 
formosana), (T. 
sieboldii, (T. 
chinensis, T. 
forestii))) 

(East NAM, 
(Himalaya, 
Taiwan), (Japan, 
China))) 

Japan via 
Ryukyus 

Havill et 
al., 2008 
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(T. dumosa, (( T. 



Tsuga formosana 
(Continued) 



T. sieboldii ; 

Japan 

ITS nrDNA 

0.0133 

caroniniana, (T. 
sieboldii- Korea, T. 
diversifolia)), ((T 
diversifolia, (T. 
sieboldii, T. 
formosana ), T. 
chinensis, T. 
forestii )))) 

(Himalaya, 
((west NAM, 
(Korea, Japan), 
(Japan, (Japan, 
Taiwan), 
China))) 



Cupressaceae 


Cunninghamia 
lanceolata var. 
konishii 

2050 

2-5,9 

C. lanceolata 
var. lanceolata', 
Vietnam, Laos, 
China 

petG-trnP, trnD-trnT, 
trnL-trnF, trn V cpDNA 

0 

(C. lanceolata var. 
lanceolata, C. 
lanceolata var. 
konishii) 

(China, Taiwan) 

CChina 
through 
SEChina via 
Tungshan 
land bridge 

Hwang et 
al., 2003 

Taiwania 

cryptomerioides 

1950 

2-6 

T. florisiana; 

SW, S, CChina 
and Burma 

chlL, matK, 
trnL-trnL-trnF cpDNA 

0.0016 

(T. florisiana, T. 
cryptomeroides) 

(SWChina, 

Taiwan) 

Japan via 
Ryukyus or 
Echina 
through 
SEChina via 
Tungshan 
land bridge 

Chou et al., 
2011 

Calocedrus 

formosana 

1100 

2-5,9 

C. macrolepis ; 
SW, SChina 

rbcL, trnK cpDNA 

0.0005 

N/A 

N/A 

SWChina 
through 
SChina via 
Tungshan 
land bridge 

GenBank 

ITS nrDNA 

0.0064 

(C. decurrens, (C. 
macrolepis, (C. 
rupestris, (C. 
macrolepis, C. 
formosana))) 

(NAM, 

(Vietnam, 

(SChina, 

Taiwan))) 

Chen et al., 
2009 

Chamaecyparis 

formosensis 

1800 

2-6 

C. pisifera; 

Japan 

petG-trnP, trn V cpDNA 

0.0032 

((C. thyoides, (C. 
formosana, C. 
pisifera)), (C. 
lawsoniana, (C. 
obtusa var. obtusa, 

C. obtusa var. 
taiwanensis))) 

((east NAM, 
(Taiwan, 

Japan)), (west 
NAM, (Japan, 
Taiwan))) 

Japan via 
Ryukyus 

Wang et 
al., 2003; 

C. pisifera', 

Japan 

ITS nrDNA 

0.0424 

((C. formosensis, C. 
pisifera), (C. 
lawsoniana, (C. 
thyoides, (C. obtusa 
var. obtusa, C. 
obtusa var. 
taiwanensis))) 

((Taiwan, 

Japan), (west 
NAM, (east 
NAM, (Japan, 
Taiwan)))) 

GenBank; 
cf Li et al., 
2003 

Chamaecyparis 
obtusa var. 
taiwanensis 

2000 

2-6 

C. obtusa var. 
obtusa', 

Japan 

petG-trnP, trn V cpDNA 

0.0009 

(C. lawsoniana, (C. 
obtusa var. obtusa, 

C. obtusa var. 
taiwanensis)) 

(west NAM, 
(Japan, Taiwan) 

Japan via 
Ryukyus 

Wang et 
al., 2003 

C. obtusa var. 
obtusa', 

Japan 

ITS nrDNA 

N/A 

(C. thyoides, (C. 
obtusa var. obtusa, 

C. obtusa var. 
taiwanensis))) 

(east NAM, 
(Japan, 

Taiwan)) 

Li et al., 
2003 

Juniper us 
tsukusiensis var. 
taiwanensis 

2100 

9 

J. tsukusiensis 

var. 

tsukusiensis', 

Yakushima, 

Japan 

petN-psbM, trnD-trnT, 
trnS-trnG cpDNA 

N/A 

{J. chinensis- Japan, 

(J. jarkensensis, (J. 
tsukusimensis var. 
tsukusimensis, J. 
tsukusimensis var. 
taiwanensis))) 

(Japan, (Japan, 
Taiwan)) 

Japan via 
Ryukyus or 
long distance 
dispersal. 

Adams et 
al., 2011 

J. tsukusiensis 

var. 

tsukusiensis', 

Yakushima, 

Japan 

ITS nrDNA 

0 

Juniperus formosana 
var. formosana 

2650 

3-6,8 

J. formosana 
var. mairei; 

N, W, CChina 

matK, petB-petD, psbB, 
rbcL, rps4-trnS, 
trnD-trnT, trnS-trnG, 
trnL-trnL-trnF, trn V, 
cpDNA 

0.0002 

(J. rigida, (J. 
formosana var. 
formosana, J. 
formosana var. 
mairei)) 

(East Asia, 

(CChina, 

Taiwan)) 

CChina 
through 
SEChina via 
Tungshan 
land bridge 

Mao et al., 
2010 

Juniperus 

morrisonicola 

3400 

3-6 

J. squamata f. 
wilsonii 

WChina 

petN-psbM, trnS-trnG, 
trnD-trnT, trnL-trnF, 
cpDNA 

N/A 

((J. squamata var. 
squamata, {J. 
tibetica, J. squamata 
f. wilsonii), {J. 
morrisonicola, J. 
przelwaskii)) 

(China, 

WChina, 

(Taiwan, 

NWChina)) 

SWChina 
through 
SEChina via 
Tungshan 
land bridge 

Adams & 
Schwarzba 
ch, 2012 

ITS nrDNA 

N/A 


145 
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Cepltalotaxus Sieb. & Zucc. 

Cephalotaxus contains 6-11 species distributing in 
India, China, Myanmar, Thailand, Malaysia, Taiwan, 
Japan, and Korea (Page, 2000; Farjon, 2010). One 
endemic species is in Taiwan, but variety status as C. 
harringtonia var. wilsoniana was adopted by Farjon 
(2010). Species status is followed here until a critical 
treatment has been done. Fossil Cephalotaxus was 
widely distributed in the middle of Cenozoic, and was 
wide spread throughout the North Hemisphere (Shi et 
at., 2010). In Europe, It was reported in Cenozoic 
deposits from the middle Eocene to the Pleistocene (Shi 
et al., 2010). In eastern Asia, it was reported from 
Kwangchi, China in the Oligocene, but soon 
disappeared, and it occurred in Japan since the Pliocene 
(Shi et al., 2010). In North America, it was only 
reported from USA in the Miocene and might have been 
derived from the eastern Asian lineage (Shi et al., 
2010 ). 

Cephalotaxus wilsoniana Hayata 

C. wilsoniana inhabits needle-leaved and 
needle-broad-leaved forest at elevations of 1300-2700 
m throughout Central Mountain Range in Taiwan (Liu, 
1966). Based on cpDNA (Hao et al., 2008), 
phylogenetic tree can be described in Venn diagram as 
(C. harringtonia-Japan, (C. wilsoniana- Taiwan, (C. 
koreana-Korea, C. harringtonia cv. fastigiata- Japan))). 
Thus C. wilsoniana is nested inside a clade distributing 
in Japan and Korea. C. wilsoniana and C. harringtonia 
shared the shortest genetic distance among these related 
species based on cpDNA (Table 1; Huang, 2011). Thus 
Taiwan’s species is possibly derived from lineage of 
Japan, from where the ancestor of C. wilsoniana might 
have migrated through the Ryukyus to northern Taiwan 
during the glaciations. 

Nagaia Gaertn. 

Nageia contains five species in southeastern Asia, 
eastern Asia and India (Page, 2000; Farjon, 2010). Two 
sections, i.e., Nageia and Wallichiana, were proposed to 
accommodate extant species (Fu, 1992). Section Nageia 
is distributed from Malaysia, Vietnam, southern and 
southeastern China to southern Japan while section 
Wallichiana is distributed from northeastern India, 
IndoChina, Malaysia, the Philippines to New Guinea. 
One species belonging to section Nageia is in Taiwan. 
Another species, N. fleuryi, has been reported in Taiwan 
based on specimens collected from Hsintien, vicinity of 
Taipei City (Keng, 1987), but the specimens were 
considered within variation range of N. nagei (Yang et 
al., 1997; Farjon, 2010). The later treatment is followed 


here. Fossil Nageia has been reported in Russia and 
Japan from the early Cretaceous, and in Hainan, China, 
from the Eocene (Jin et al., 2010). 

Nageia nagi (Thunb.) O. Ktze. 

N. nagi is distributed in Vietnam, southern to 
central China and southern Japan (Farjon, 2010). Two 
species have been reported in Taiwan including N. 
fonnosensis Dummer from southern Taiwan and N. 
nankoensis Hayata from northern Taiwan (Hu, 1964; 
Mill, 1999). Based on psbA-tmH and trnL-tmF cpDNA 
(unpublished data of the author), no variation was 
found among four individuals collected from northern 
and southern Taiwan, and N. nagi from GenBank 
( AY083103 ) but these samples vary with N. fleuryi 
( AY013734 ) by two substitutions. Thus it seems to be 
appropriate to merge these two Taiwan’s species under 
the name N. nagi as the treatment of Yang et al. (1997) 
and Farjon (2010). 

Fu (1992) considered that the refuge and dispersal 
center of the genus would be around southwestern 
China although northeastern Asian origin of the genus 
has been proposed based on fossil records (Jin et al., 
2010). However, a fossil species, N. hainanensis Jin et 
al., from the Eocene of Hainan, not distinguishable 
morphologically from the extant N. nagi was described 
(Jin et al., 2010). In addition, distribution pattern of 
Nageia in Taiwan, in low altitudes of the north and the 
south, make it unlikely to consider that ancestor of 
Taiwan’s population has migrated from northeastern 
Asia. Hence Taiwan’s population could have derived 
from southern China. It is postulated that N. nagi could 
have originated from the boarder of China and 
IndoChina as suggested by Fu (1992), and ancestor of 
Taiwan’s population could have migrated from 
southern South China via South China Sea’s land 
bridge to southern Taiwan during the glaciations, and 
then dispersed through eastern Taiwan to northern 
Taiwan. 

Podocarpus L’Herit ex Pers. 

Podocarpus contains about 100 species mainly in 
the Southern Hemisphere extending to West Indies, 
Mexico, southern China and southern Japan (Page, 
1990; Farjon, 2010). Two subgenera, Foliatus and 
Podocarpus, each with nine sections, were classified 
(De Laubenfels, 1985). Treatment of two subgenera is 
supported by phylogenetic tree based on rbcC cpDNA 
(Conran et al., 2000) and matK cpDNA (unpublished 
data from GenBank). Subgenus Podocarpus, composed 
of 41 species, is distributed in the Southern 
Hemisphere, while subgenus Foliatus, composed of 53 
species, is distributed in tropical Asia, Australia and 
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Pacific islands (De Laubenfels, 1985). Five taxa, 
namely, P. costalis, P. fasciculus, P. macrocarpus var. 
macrocarpus, P. macrocatrpus var. maki and P. nakaii, 
are in Taiwan and they all belong to subgenus 
Foliolatus. 

Based on psbA-trnH, trnL-trnF and matK cpDNA 
(unpublished data of the author), pylogenetic tree of 
these five taxa could be described in Venn diagram as 
(P. costalis, (P. nakaii, (P. fascisulus, P. macrocarpus 
var. macrocarpus, P. macrocatrpus var. maki))). No 
variation was found among Taiwan’s P. fasciculus, P. 
macrocarpus var. macrocarpus and P. macrocatrpus 
var. maki. Based on matK cpDNA by integrating 
sequences deposited at GenBank and author’s 
unpublished data, phylogenetic tree of species related to 
Taiwan’s taxa can be described in Venn diagram as (( P. 
polystachyus, P. elatus), (P. longifoliolatus, P. 
dispermus), P. brevifolius, P. costalis, P. rumphii, {{P. 
nakaii, P. annamiensis), (P. nerifolia, P. macrophyllus 
var. macrophyllus, P. fasciculus, P. macrophyllus var. 
maki (= P. chinensis), P. chingiana))). 

Podocarpus costalis Presl. 

P. costalis is distributed in northern Luzon, the 
Philippines, and isles between it and Taiwan (Yang et 
al., 1997; Farjon, 2010). It inhabits open coastal area at 
Lanyu, an isle off southeastern Taiwan. It is a sister 
species to the clade formed by the other Taiwanese 
species. Since the genus could be of Southern 
Flemisphere origin, judging from present distribution 
pattern, it is plausible that it has colonized Lanyu in 
recent time from southern nearby islands. 

Podocarpus fasciculus de Laubenfels 

P. fasciculus inhabits moist forest at elevations of 
1500-2500 m of northern Central Mountain Range in 
Taiwan (Yang et al., 1997). It was endemic to Taiwan 
when described (De Laubenfels, 1985), but populations 
of the southern Japan and Iriomote of the Ryukyus have 
been considered as members of the species (Farjon, 
2010). Morphologically, only character of long vs. 
sessile receptacle of male cones distinguishes P. 
fasciculus from P. macrophyllus var. maki (Yang and 
Lu, 1994), and this character is hardly found on the 
specimens. Therefore it is considered as endemic 
species to Taiwan here. P. fasciculus and P. 
macrophyllus var. maki are hard to distinguish from 
vegetative specimens and they showed no variation 
based on cpDNA data, implying their close relationship. 
In Taiwan, P. fasciculus and P. macrophyllus var. maki 
are distributed allopatrically. The former is in middle 
altitudes of north-central part of western Taiwan while 
the latter is in relatively lower altitudes of northern. 


eastern and southern Taiwan. Since morphological and 
molecular variation of these two taxa is limited, it is 
likely that P. fasciculus is recently evolved when P. 
macrophyllus var. maki in Taiwan dispersed to higher 
altitude. 

Podocarpus macrophyllus (Thunb.) Sweet var. 
macrophyllus 

P. macrophyllus var. macrophyllus, distributing in 
China, Taiwan and southern Japan, inhabits tropical rain 
forest in southern Taiwan and Lanyu (Yang and Lu, 
1994; Farjon, 2010). Since Taiwan’s population is 
distributed in southern part, its ancestor very likely has 
migrated from the southern South China as Hainan via 
South China Sea’s land bridge to southern Taiwan. 

Podocrpus macrophyllus (Thunb.) Sweet var. maki 
Sieb & Zucc. 

P. macrophyllus var. maki is distributed in southern, 
central and eastern China, and southern Japan (Earle, 
2011). It inhabits moist broad-leaved forest in northern, 
eastern and southern Taiwan and it is distributed in 
relatively higher altitude than its typical form in 
Taiwan. This variety could have derived from ancestor 
of the southern South China via South China Sea’s land 
bridge and invaded southern Taiwan, like its typical 
form, then migrated northward from the eastern part. 

Podocarpus nakaii Hayata 

P. nakaii is endemic and inhabits broad-leaved 
forest in central Taiwan (Yang and Lu, 1994; Farjon, 
2010). Phylogenetic tree based on matK cpDNA relates 
P. nakaii to P. annamiensis from Myanmar, Vietnam 
and Hainan, China. It belongs to the section Globulus 
distributing from Vietnam, Taiwan, to Sumatra, Borneo 
and New Caledonia (De Laubenfels, 1985). Hence P. 
nakaii is the most northern species in this section. 
Because central Taiwan is near the entrance of 
Tungshan land bridge (Huang, 2011), it is postulated 
that ancestor of P. nakaii has migrated from IndoChina 
through southern China via Tungshan land bridge to 
central Taiwan during the glaciations. 

Abies Miller 

Abies contains 10 sections and 47 species in the 
Northern Hemisphere (Farjon, 2010). One endemic 
species, A. kawakamii, is in Taiwan. Farjon (2010) 
related it to A. homolepis and treated them under 
subsection Homolepides of section Monii. Abies was 
proposed to have originated from the middle and high 
latitudes of the Northern Hemisphere in the middle 
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Cretaceous and might have dispersed southward in the 
Eocene (Xiang et al., 2009). Megafossils in Asia were 
found in Japan in the Miocene and Pleistocene and in 
Yunnan in the Pliocene (Xiang et al., 2009). 

Abies kawakamii (Hayata) Ito 

A. kawakamii forms pure stands at the elevations of 
2800-3700 m throughout Taiwan (Liu, 1966). Based on 
nrlTS phylogenetic tree, it forms a clade with A. 
chensiensis in northern China, A. homolepis in Japan, 
and A. ziyuanensis in central China (Xiang et al., 2009). 
Thus it belongs to a clade of Sino-Japanese subregion 
(.sensu Wu and Wu, 1998). A. kawakamii and A. 
ziyuanensis share the shortest genetic distance among 
related species based on nrlTS (Table 1), although 
Farjon (2010) taxonomically treated A. kawakamii 
under subsection Homolepides including A. homolepis 
while A. chensiensis and A. ziyuanensis were treated in 
another subsection. The close relationship between A. 
kawakamii and A. ziyuanensis is also exemplified by 
sharing two common haplotypes (A & B sensu Shih et 
al., 2007) of GapC intron nrDNA (GenBank, accessed 
in December, 2012). Because Japan’s A. homolepis and 
northern Chinese A. chensiensis are also related to 
Taiwan’s species, their ancestors could have originated 
and diversified from northeastern Asia. From there, one 
lineage went into Japan, one lineage dispersed to 
northern China, and one lineage migrated southward to 
central China. Sequentially, one lineage from central 
China went further southward through southeastern 
China via Tungshan land bridge to Taiwan. 

Keteleeria Carriere 

Keteleeria contains three species in China, Laos, 
Vietnam and Taiwan (Farjon, 2010). One endemic 
variety is in Taiwan. Keteleeria might have occurred in 
the late Cretaceous of East Asia and became widespread 
throughout the Northern Hemisphere in the Tertiary 
(Wang et al., 2006). Manchester (2009) reported that 
fossil Keteleeria occurred in the early Eocene and 
Oligocene in North America, and was present in both 
Europe and Asia from Oligocene to Pliocene. Present 
diversity center is in southwestern China from where 
thinned to central and eastern China. 

Keteleeria davidiana (Franchet) Beissner var. 
formosana Hayata 

K. davidiana var. formosana is disjunctly 
distributed in northern and southern Taiwan at 
elevations of 300-600 m in the north and 500-900 m in 
the south (Liu, 1966). K. davidiana var. formosana and 
K. davidiana var. davidiana in central-western China 


share the shortest genetic distance among related taxa 
based on cpDNA (Table 1). Liu (1966) hypothesized 
that the northern Taiwan’s population was derived from 
those of southeastern China, while the southern 
Taiwan’s population from those of southwestern and 
southern China during the glaciations. This view was 
adopted by Shen (1997). However, K. shanwangensis 
Y.-F. Wang et al., the Miocene species from Shantung 
of eastern China, is more similar to K. fortunei 
(distributing in southwestern, central and southeastern 
China) rather than to K. davidiana (Wang et al., 2006). 
Hence Miocene distribution pattern of K. davidiana 
could be consistent with the present one (Wang et al., 
2006: Fig. 1), implying that during the glaciations, 
populations in southeastern China might belong to K. 
fortunei rather than to K. davidiana. Thus it seems less 
likely that two sources colonized northern and southern 
Taiwan respectively. In addition, mtDNA haplotype e 
of Cyclobalanopsis glaucus in Taiwan (Lin et al., 2003: 
Table 1) showed a similar disjunct pattern as K. 
davidiana var. formosana and it was derived from 
single source, Hong Kong (mtDNA haplotype f). Thus 
colonization of ancestor of K. davidiana var. formosana 
from one source and becoming disjunct is quite 
plausible. In the case of one source of colonization, 
ancestor of K. davidiana var. formosana could have 
migrated from southwestern China, present center of 
diversity and dispersal, through southern China via 
South China Sea’s land bridge and colonized southern 
Taiwan. It then migrated northward from eastern 
Taiwan to northern as Nageia nagi did because K. 
davidiana var. formosana and N. nagi have similar 
distribution pattern in Taiwan. 

Picea A. Dietrich 

Picea contains two sections and 38 species in the 
Northern Hemisphere (Farjon, 2010). One endemic 
species, P. morrisonicola, is in Taiwan, and it is treated 
under series Picea, at least including P. maximowiczii in 
Japan and P. chihuahuana in Mexico, of section Picea 
(Farjon, 2010). Based on molecular phylogeny and 
fossil evidence, Ran et al. (2006) proposed that Picea 
has originated from North America and migrated to 
Asia through Beringia during the early Tertiary, and 
then moved westward to Europe. Since Miocene, one 
lineage in northern Eurasia might have migrated 
southward to the eastern Himalayas when the Himalaya 
was uplifted and the climate became cooler, and another 
lineage migrated to Japan (Ran et al., 2006). 

Picea morrisonicola Hayata 

P. morrisonicola is the southern most species of the 
genus (Earle, 2011) and it is distributed sporadically 
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among the pure stands of Tsuga and Abies in Central 
Mountain Range in Taiwan at elevations of 2300-3200 
m (Liu, 1966). Phylogenetic tree based on cpDNA (Ran 
et al., 2006) may be described in Venn diagram as (P. 
morrisonicola, (P. orientalis, (P. torano, P. 
neoveitchii), P. chihuahuana, ((P. wilsonii, P. purpurea, 
(R. maximowiczii, P. brachytyla)))), with P. 
chihuahuana in Mexico, P. orientalis in western Asia 
and the other species in eastern Asia, while P. 
morrisonicola, P. orientalis, P. torano, and P. 
mzximowiczii share the same mtDNA haplotype which 
is different from other species (Ran et al., 2006). P. 
morrisonicola and P. maximowiczii in Japan share the 
shortest genetic distance among related species based 
on cpDNA (Table 1). Biogeography of the genus was 
discussed by Ran et al. (2006), but that of P. 
morrisonicola was not mentioned. Because P. 
morrisonicola is a sister species to the other related 
species and contains five autapomorphies (Ran et al., 
2006: Fig. 1), implying its long time divergence, the 
ancestor of P. morrisonicola, might have migrated from 
Japan in the Pliocene southward via the Ryukyus to 
northern Taiwan. 

Pin us L. 

Pinus contains two subgenera, i.e., Pinus and 
Strobus, and 113 species mainly in the Northern 
Hemisphere (Farjon, 2010). Five taxa, i.e. P. armandii 
var. masteriana, P. morrisoniacola, P. massoniana, P. 
taiwanensis, andR. taiwanensis var. fragilissima, occur 
in Taiwan with the first two taxa belonging to 
subsection Strobi of section Quinquefolius of subgenus 
Strobus, and the latter three belonging to subsection 
Pinus of section Pinus of subgenus Pinus. Based on 
atpB-rbcL spacer, matK gene, rbcL gene, rpl20-rps% 
spacer and trnV intron cpDNA (unpublished data), no 
variation was found among samples from Taiwan 
including P. massoniana from Huoyenshan, Miaoli, P. 
taiwanensis from Chenghsipao, Hsinchu, and P. 
taiwanensis var. fragilissima from eastern South Cross 
Way, Taitung. 

Pinus armandii Franchet var. masteriana Hayata 

P. armandii var. masteriana inhabits relatively dry 
needle-leaved forest in Central Mountain Range at 
elevations of 2300-3300 m in Taiwan (Liu, 1966). 
Based on Late Embryogenesis Abundant (ZF24)-like 
gene nrDNA (Syring et al., 2007), the phylogenetic tree 
of P. armandii var. masteriana and its related species 
can be described in Venn diagram as (P. armandii var. 
armandii, (P. morrisonicola, (P. armandii var. 
masteriana, P. dalatensis), (P. kwangtungensis, P. 


dalatensis)). P. armandii var. armandii is distributed 
sporadically in southwestern, southern and central 
China and southern Japan, P. morrisonensis in Taiwan, 
P. kwangtungensis in southern China and Vietnam and 
P. dalatensis in Vietnam (Earle, 2011). P. armandii var. 
masteriana and both P. h\’angtungensis and P. 
morrisonicola share the shortest genetic distance among 
related species based on LEA gene nrDNA (Table 1), 
but morphologically P. armandii var. masteriana is 
most related to P. armandii var. armandii. Thus 
relationship of P. armandii var. masteriana is unclear, 
but its related taxa are distributed in southern China and 
central China. It is proposed that ancestor of P. 
armandii var. masteriana in central or eastern China 
could have migrated southward to southeastern China 
via Tungshan land bridge to Taiwan. 

Pinus massoniana Lamb. 

P. massoniana is distributed in southern central and 
southeastern China. In Taiwan, Liu (1966) reported that 
it inhabited northern and central open dry area at 
elevations of 300-1300 m and also occurred in Coastal 
Range of eastern Taiwan. However, population with 
intermittent morphology between P. taiwanensis and P. 
massoniana in eastern South Cross Way turned out to 
be P. taiwanensis var. fragilissima (Businsky, 2003, 
Farjon, 2010). Therefore, distribution range of P. 
massoniana is here considered restricted to low 
elevations of central and northern Taiwan. Judging from 
species distribution range, ancestor of Taiwan’s 
population should have migrated via Tungshan land 
bridge to Taiwan. 

Pinus morrisoniacola Hayata 

P. morrisonicola is endemic to Taiwan and inhabits 
open mountain forest at elevations of 300-2300 m (Liu, 
1966). It formed a clade with A. armandii var. 
masteriana, P. lm’antungensis and P. dalatensis based 
on a LEA gene nrDNA phylogenetic tree (Syring et al., 
2007). Based on cpDNA phylogenetic tree (Liston et 
al., 2007), P. morrisonicola is nested inside a clade with 
relatively long branch. P. morrisonicola and P. 
kw’angtungensis share the shortest genetic distance 
among related species based both on LEA gene nrDNA, 
and cpDNA (Table 1). However, P. morrisonicola is 
distantly related to P. parviflora in Japan, once the latter 
species circumscription including Taiwanese 
specimens. Molecular data strongly suggested that P. 
morrisonicola was closely related to P. kwangtungensis. 
Thus ancestor of P. morrisonensis could have migrated 
from southern China via Tungshan land bridge to 
Taiwan. 
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Pinus taiwanensis Hayata 

P. taiwanensis is endemic to Taiwan and inhabits 
open dry areas at elevations of 750-3000 m in Central 
Mountain Range and usually form a pure stand (Liu, 
1966). P. taiwanensis and/ 5 , hwangshanensis have been 
treated as subspecies of P. luchuensis (Li, 1997). Based 
on cpDNA phylogenetic tree, P. taiwanensis was a 
sister species to a clade including P. hwangshanensis, 
P. luclmensis, P. thunbergii, P. tabuliformis, P. kesiya, 
P. densata, and P. yunnanensis (Gemadt et al., 2005), 
or it formed a clade with P. thunbergii and became a 
sister to a clade including P. kesiya, P. yunnanensis and 
P. hwangshanensis, while P. densata is in neighboring 
clade (Eckert et al., 2006). P. taiwanensis and P. 
thunbergii in Japan share the shortest genetic distance 
among related species based on cpDNA data while P. 
taiwanensis and P. hwangshanensis in eastern China 
show no differentiation based on mtDNA (Table 1). As 
P. taiwanensis is more related to Japanese and eastern 
Chinese species, migration route from southeastern 
China possibly via Tungshan land bridge is proposed. 

Pinus taiwanensis Hayata var. fragilissima (Businski) 
Farjon 

P. taiwanensis var. fragilissima is endemic to 
Taiwan and inhabits open dry area at elevations 
300-1000 m in eastern South Cross Way. It is 
intermetten morphologically between P. massoniana 
and P. taiwanensis (Businski, 2003). Farjon (2010) 
reduced it to P. taiwanensis var. fragilissima due to 
overlapping and slight difference in morphology. P. 
taiwanensis var. fragilissima and both P. thunbergii and 
P. hwangshanensis share the shortest genetic distance 
based on plastome data (GenBank, accessed in January, 
2013, cf. Parks et al., 2012) with the absence of 
sequence of P. taiwanensis. Thus Farjon (2010) could 
be right in reducing it to a variety. Hence it is recently 
derived from P. taiwanensis in situ. 

Pseudotsuga Carriere 

Pseudotsuga contains 4-8 species in northern 
Pacific coast (Farjon, 2010; Wei et al., 2010). One 
endemic species, P. wilsoniana, is in Taiwan (Wei et 
al., 2010), although it has been treated conspecific with 
P. sinensis (Farjon, 2010). The genus could have 
originated from North America based on fossil records 
(Struass and Doerksen, 1990) and molecular phylogeny 
(Wei et al., 2010). It then migrated to Asia through 
Beringia possibly during the late Oligocene to the 
middle Miocene (Wei et al., 2010). 


Psudotsuga wilsoniana Hayata 

P. wilsoniana inhabits needle-leaved forest from 
north-central to south-central Central Mountain Range 
at elevations of 800-2500 m in Taiwan (Liu, 1966). 
Phylogenetic tree reconstructed by various DNA 
markers showed that North American species formed a 
clade and was a sister to eastern Asian clade (Wei et al., 
2010). Based on cpDNA, phylogenetic tree of Asian 
species could be described in Venn diagram as ( P. 
japonica, (P. wilsoniana, P. gausenii, P. sinensis, P. 
forrestii, P. brevifolia)), while P. wilsoniana has an 
autapomorphic substitution based on nad5 mtDNA 
(Wei et al., 2010: Fig. la). Hybrid origin of P. 
wilsoniana was revealed by LEAFY nrDNA 
phylogenetic tree because two haplotypes in two clades 
were found (Wei et al., 2010). One clade was ( P. 
forrestii, ( P. brevifolia, P. wilsoniana)) distributing in 
southwestern China, southern China and Taiwan 
respectively, and the other was ( P. wilsoniana, ( P. 
gaussenii, P. sinensis, P. japonica)) distributing in 
Taiwan, southeastern China, central China and Japan 
respectively. P. wilsoniana and P. gausenii share the 
shortest genetic distance among related species based 
on cpDNA and mtDNA data, while P. wilsoniana and 
both P. gausenii and P. forestii share the shortest 
genetic distance among related species based on LEAFY 
nrDNA (Table 1). In addition, P. wilsoniana contains 
diversified LEAFY haplotype in P. sinensis-P. gausenii 
clade, while shows no variation in LEAFY haplotype in 
P. brevifolia-P. forestii clade, implying that it might 
have mainly originated from P. sinensis-P. gausenii 
lineage. Thus P. wilsoniana is most closely related to P. 
gausenii and possibly receives another source of 
genome from ancestor of P. forrestii through gene flow. 
This view is not mentioned by Wei et al. (2010) 
because they thought P. wilsoniana was derived from P. 
forestii-P. brevifolia lineage and they propose historical 
biogeography of Psudotsuga based on LEAFY 
phylogenetic tree. Their stoiy on biogeography of P. 
wilsoniana went as follows. The ancestor of P. 
wilsoniana derived from P. forestii-P. brevifolia lineage 
in the middle Miocene. In accordance with deterioration 
of the climate, it migrated southward to the refuge of 
southwestern China. In the process of migration, it 
hybridized with P. sinensis-P. gausenii-P. japonica 
lineage before moved to Taiwan. 

Since P. wilsoniana may be derived from P. 
sinensis-P. gausenii lineage, the other story based on 
cpDNA and mtDNA phylogenetic tree would be 
suggested as follows. The ancestors of Pseudotsuga in 
northeastern Asia further migrated to Japan and China 
respectively in the middle Miocene when they have 
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migrated from North America to northeastern Asia. 
From Japan, it then recolonized Asian continent in the 
late Miocene-early Pliocene when Japan was a part of 
Asian continent, and some populations evolved into P. 
sinensis-P. gausenii lineage. Part of the lineage received 
pollen from P. brevifolia-P. forestii lineage, occurring 
in eastern China then and on the course of migrating to 
southwestern China, and moved southward. This hybrid 
further migrated through southeastern China and 
possibly via Tungshan land bridge to central Taiwan 
and became P. wilsoniana. 

Tsuga Carriere 

Tsuga contains 14 species in eastern Asia and North 
America (Page, 1990), although classification of 9 
species in 2 sections was proposed by Farjon (2010). 
One endemic species, T. formosana, is in Taiwan 
although Farjon (2010) treated it conspecific with T. 
chinensis. Center of origin of Tsuga is unknown. It was 
widely spread in the Northern Hemisphere in the 
Cenozoic and gradually went extinct in Europe since 
the Pleistocene (LePage, 2003a, b). 

Tsuga formosana Hayata 

T. formosana forms a pure stand at elevations of 
2000-3500 m in Central Mountain Range in Taiwan 
(Editorial Committee of the Flora of Taiwan 2 nd edition, 
1994). It formed a clade with T. sieboldii in Japan 
according to nrlTS phylogenetic tree, while it is related 
to T. dumosa in the Himalayas based on cpDNA data 
(Havill et al., 2008), although geographically it is more 
close to T. chinensis in China (Havill et ah, 2008: Fig. 
1). Species status of T. formosana is retained instead of 
variety status of T. chinensis var. formosana because it 
did not form a clade with T. chinensis in China based on 
nrlTS phylogenetic tree (Havill et al., 2008). Based on 
nrlTS, phylogenetic tree may be described in Venn 
diagram as (T. dumosa, ((T. caroniniana, (T. 
sieboldii- Korea, T. diversifolia )), (( T.. diversifolia, (T. 
sieboldii- Japan, T. formosana), T. chinensis, T. 
forestii)))), which could be described by replacing taxa 
with areas as (Himalaya, (eastern North America, 
(Korea, Japan), (Japan, Taiwan, China))). Based on 
cpDNA, phylogenetic tree may be described in Venn 
diagram as (T. canadensis, (T. dumosa, T. formosana), 
( T. sieboldii, (T. chinensis, T. forestii))), which could be 
described by replacing taxa with areas as (eastern North 
America, (Himalaya, Taiwan), (Japan, China)). T. 
formosana and both T. sieboldii and T. dumosa share 
the shortest genetic distance among related species 
based on cpDNA data, while T. formosana and T. 
sieboldii share the shortest genetic distance among 
related species based on nrlTS (Table 1), implying that 


T. formosana may be more related to T. sieboldii, as T. 
dumosa was supposed to be of hybrid origin (Havill et 
al., 2008). Both phylogenetic trees of Tsuga based on 
either cpDNA or nrlTS (Havill et al., 2008: Figs. 2, 3) 
show that North America is possibly a center of 
dispersal and from where migrated to Asia 
progressively from high latitude to low latitude. Based 
on cpDNA dta, the genetic distance of Tsuga 
formosanan and T. sieboldii is the second highest 
among those of gymnosperms in Taiwan and their sister 
species, and the genetic distance is nearly equal to that 
of Chamaecyparis formosensis and C. pisifera (Table 1) 
implying its old age in Taiwan. In such a scenario, 
ancestor of T. formosana might have migrated from 
Japan via the Ryukyus to Taiwan at least during the 
Pliocene. 

Cunninghamia R. Brown 

Cunninghamia contains two species, C. lanceolata 
and C. konishii in Vietnam, Laos, China and Taiwan 
(Page, 1990). However, phylogeographic study based 
on cpDNA showed that large proportion of sampled 
individuals shared the same ancestral haplotype 
between C. lanceolata and C. konishii, although few 
individuals of each species contains its own unique 
haplotypes (Hwang et al., 2003). Liu (1966) considered 
C. konishii to be conspecific with C. lanceolata. Since 
differentiation do occur between these two taxa (Hwang 
et al., 2003), variety status is retained and one species 
with two varieties is followed. One variety is endemic 
to Taiwan. Fossils were reported from the early 
Cretaceous in northern Hemisphere (Brink et al., 2009). 

Cunninghamia lanceolata (Lamb.) Hook. var. 
konishii (Hayata) Fujita 

C. lanceolata var. konishii is at elevations of 
1300-2800 m in the north and central of Central 
Mountain Range in Taiwan (Liu, 1966). Since C. 
lanceolata var. lanceolata is distributed in southwestern 
China to southeastern China but not in southern China, 
ancestor of C. lanceolata var. konishii might have 
migrated from southeastern China to Taiwan, possibly 
via Tungshan land bridge. 

Taiwania Hayata 

Taiwania contains 2-3 species in Myanmar, China 
and Taiwan (Page, 1990). One endemic species, T. 
cryptomeroides, is in Taiwan. It has been considered to 
be conspecific with T florisiana, distributing in Burma 
and southwestern China and scattered in Kuechou, 
Chiangchi and Fuchien, southern China (Liu, 1966; 
Farjon, 2010). Based on cpDNA, the genetic distance of 
Taiwan’s T. cryptomeroides and Chinese T. florisiana is 
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relatively higher among those of gymnosperms in 
Taiwan and their sister species (Table 1). Thus 
independent species is adopted. The earliest fossil 
records of Taiwania occurred in Alaska from the middle 
Albian of Cretaceous and it was distributed throughout 
North America and Eurasia from the late Cretaceous to 
the Pliocene (LePage, 2009). Fossils from the Miocene 
to the Pliocene were reported in eastern Asia mainly in 
Japan (LePage, 2009: Fig. 31). Comparison of the 
earliest Alaskan fossils with T. cryptomeroides reveals 
indistinguishable morphological characters implying 
morphological stasis of this genus (LePage, 2009). 

Taiwania cryptomeroides Flayata 

T. cryptomerioides inhabits needle-leaved forest at 
elevations of 1300-2600 m in Central Mountain Range 
in Taiwan (Liu, 1966), and it is a component species in 
Chamaecyparis forest (Editorial Committee of the Flora 
of Taiwan 2 nd edition, 1994). Because T. 
cryptomeroides and T. florisiana were estimated to be 
separated about three million years ago based on 
molecular dating (Chou et al., 2011), it has been 
proposed that a lineage probably from eastern China 
migrated through southeastern China, via East China 
Sea’s land bridge (cf Shen, 1997, Fig. 1) to Taiwan, 
while another lineage went on and spread to refuge of 
Yunnan and Vietnam. However, possible migration 
route from Japan via the Ryukyus to Taiwan was not 
ruled out as T. cryptomeroides is usually associated 
with Chamaecyparis species (Chou et al., 2011) and the 
Asian fossils from the Pliocene were mainly deposited 
in Japan (LePage, 2009: Fig. 31). 

Calocedrus Kurz 

Calocedrus contains four species in western North 
America, western China, IndoChina and Taiwan 
respectively (Farjon, 2010), but two species represented 
in North America and Asia respectively were suggested 
by Long et al. (2011) by reducing Taiwan’s and 
Vietnam’s endemic species to variety due to low degree 
of variation of nrlTS. However, C. formosana is 
monophyletic and morphologically separable such as 
thicker leaves and shorter receptacles of cones (Chen et 
al., 2009; Long et al., 2011). Hence species status is 
adopted. Fossil records were reported in the Northern 
Hemisphere (Chen et al., 2009). In Europe they were 
from the early Oligocene of Czech Republic and 
Hungary, from the early Miocene of Greece and from 
the Pliocene of Poland (Chen et al., 2009). In North 
America, they were from the Oligocene of Oregon, 
from the Oligocene-Miocene boundary of Alaska, and 
from the Miocene of Idaho (Chen et al., 2009). In Asia, 
they were from the Miocene of Yunnan and Japan 


(Chen et al., 2009). 

Calocedrus formosana (Florin) Florin 

C. formosana inhabits moist forest at elevations of 
300-1900 m in central and northern Taiwan (Liu, 
1966). Topology of nrlTS phylogenetic tree can be 
described in Venn diagram as (C. decurrens, (C. 
macrocarpa, (C. macrocarpa, C. formosana))) with 
each species in western North America, Vietnam, China 
and Taiwan respectively (Chen et al., 2009). C. 
macrocarpa and C. formosana formed a clade while C. 
macrocarpa was paraphyletic and arose from the basal 
nodes, suggesting that C. formosana is derived from C. 
macrocarpa. Because C. macrocarpa is distributed in 
Yunnan, Kuechou, Kwangtung and Hainan (Wang et 
al., 2004) and Miocene fossil from Yunnan has been 
reported (Chen et al., 2009), ancestor of C. formoana 
could have migrated from southwestern China to 
southern China and further migrated to central Taiwan 
via Tungshan land bridge. 

Chamaecyparis Spach 

Chamaecyparis contains five species in temperate 
North America (NAM), Japan and Taiwan (Farjon, 
2010). Two taxa, C. formosensis and C. obtusa var. 
taiwanensis are in Taiwan. Reliable fossils of the genus 
were reported in NAM from the early Eocene to 
Pliocene, in Europe from the late Oligocene to 
Pleistocene, in Caucasus and Ural from the Miocene to 
the Pleistocene, and in Japan from the Pliocene (Liu et 
al., 2009). Center of origin of Chamaecyparis is still 
unknown. Intercontinental floral exchange between 
NAM and Europe may have happened before the 
Oligocene (Liu et al., 2009). However, European 
species vanished after the last glacial (Liu et al., 2009). 
Eastern Asian Chamaecyparis most likely came from 
NAM via Beringia during the Paleogene (Liu et al., 
2009). 

Chamaecyparis formosensis Matsumura 

C. formosensis inhabits moist forest in Central 
Mountain Range at elevations of 1000-2600 m (Liu, 
1966) and forms a pure stand or mingled with C. obtusa 
var. taiwanensis. C. formosensis is closely related to C. 
pisifera in Japan based on cpDNA (Wang et al., 2003; 
Liao et al., 2010) and nrlTS (Li et al., 2003). Liu et al. 
(2009) thought that Chamaecyparis migrated westward 
through Beringia to eastern Asia and became 
established in Japan and Taiwan because no reliable 
fossil records of this genus from Central Asia and 
continental eastern Asia were discovered. This scenario 
is consistent with that proposed by Wang et al. (2003). 
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According to Wang et al. (2003), a lineage of 
Chamaecyparis migrated from NAM to northeastern 
Asia and moved into Japan because no fossil records 
were reported in Korea and China. The ancestor of C. 
formoensis from Japan migrated to Taiwan through the 
Ryukyus. 

Chamaecyparis obtusa Sieb. & Zucc. var. taiwanensis 
(Hay.) Rehd. 

C. obtusa var. taiwanensis inhabits moist forest in 
Central Mountain Range at elevations of 1200-2800 m 
in Taiwan (Liu, 1966). Based on cpDNA, C. obtusa var. 
taiwanensis is nested inside the clade of C. obtusa in 
Japan, and no substitutions between these two varieties 
was found except some indels (Liao et al., 2010), but 
differentiation among Taiwan’s individuals did happen 
(Wang et al., 2003). Thus it is postulated that ancestor 
of C. obtusa var. taiwanensis migrated from Japan to 
Taiwan through the Ryukyus in recent time. 

Juniperus L. 

Juniperus contains three sections, i.e., Caryocedrus, 
Juniperus and Sabina, and 53 species in temperate 
Northern Hemisphere (Farjon, 2010). Three endemic 
taxa are in Taiwan. J. formosana belongs to section 
Juniperus, while J. morrisonicola and J. tsukusiensis 
var. taiwanensis belong to section Sabina (Mao et al., 
2010). Fossil records of section Sabina were reported 
from the Eocene/Oligocene boundary in Europe, and 
from the late Oligocene to early Miocene in North 
America, and from the late Pliocene in Asia, and fossils 
of section Juniperus appeared in Europe from the 
middle Miocene onwards while no reports in North 
America or Asia (Mao etal., 2010). 

Juniperus tsukusiensis L. var. taiwanensis (R.P. 
Adams and C-F. Hsieh) R.P. Adams 

J. tsukusimensis var. taiwanensis is restricted to 
lime stone area of Chingshuishan in eastern Taiwan 
(Editorial Committee of the Flora of Taiwan 2 nd edition, 
1994). It is closely related to J. tsukusiensis var. 
tsukusiensis based on cpDNA (Adams et al., 2011). It is 
suggested that Taiwan’s plants could have derived from 
Japanese population either through the Ryukyus to 
Taiwan, or by long distance dispersal since no records 
of J. tsukusiensis have been reported in the Ryukyus. 

Juniperus formosana Hayata var. formosana 

J. formosana var. formosana inhabits open and 
relatively dry areas in Central Mountain Range at 
elevations of 2300-3000 m in Taiwan (Liu, 1966). It is 
closely related to J. formosana var. mairei, distributing 



in China, based on cpDNA (Mao et al., 2010). Taiwan’s 
samples are related to those from southeastern China, 
rather than from northern China, based on RAPD 
(Adams et al., 2002), implying migration route might be 
from southeastern China via Tungshan land bridge to 
Taiwan. 

Juniperus morrisonicola Hayata 

J. morrisonicola inhabits alpine area and is 
distributed sporadically in Central Mountain Range at 
elevation above 3000 m in Taiwan (Editorial 
Committee of the Flora of Taiwan 2 nd edition, 1994). It 
can form a pure stand at moist valley and is often 
treated under the name J. squamata, distributing from 
southeastern Asia to eastern Asia. Based on nrlTS and 
cpDNA, J. morrisonicola formed a clade with J. 
przelwaskii, distributing in northwestern China, (Adams 
et al., 2012), which is nested inside a clade including J. 
squatamta and J. tibetica, distributing in the Himalayas. 
J. morrisonicola and J. squamata f. wilsoni, distributing 
in western China, share the shortest genetic distance 
among related species (Adams et al., 2012). Thus 
ancestor of J. morrisonicola could have migrated from 
western China, through the Yun-Kue Plateau, Nanling 
(southern Chinese mountain system), Fuchien, via 
Tungshan land bridge to Taiwan. 

Diversity and endemism of gymnosperms in Taiwan 

Based on the above review of each taxon of 
gymnosperms in Taiwan, there are 28 taxa including 19 
species and 9 varieties belonging to 16 genera and 5 
families in Taiwan (Table 1). Among them, 16 species 
and 6 varieties are endemic, about 78.5% (22/28) of the 
gymnosperm flora of Taiwan (Table 2). These endemic 
taxa mostly have evolved from source areas outside 
Taiwan, except Pinus taiwanensis var. fragilissima and 
Podocarpus fasciculus, and their midpoint altitudinal 
distributions are above 500 m (Table 2). Endemism is 
almost 100% above 1000 m except at elevations of 
2000-2500 m, which house Taxus sumatrana that has 
further dispersed to the Philippines possibly by birds 
due to fleshy receptacle and seed aril ( cf. Willson et al., 
1996). Most non-endemic species belong to 
Podocarpaceae, a family primarily of the Southern 
Hemisphere origin, such as Nageia nagi, Podocarpus 
costalis, P. macrophylla var. macrophylla, P. 
macrophylla var. maki, except Pinus massoniana in 
China, belonging to Pinaceae, and Taxus sumatrana 
from the Himalaya to Malesia, belonging to Taxaceae. 

Distribution patterns of gymnosperms in Taiwan 

Distribution patterns of gymnosperm flora of Taiwan 
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may be classified into horizontal and vertical one. 
Horizontally, it may be further subdivided into nine 
districts (Table 1; Huang, 2011). Many taxa are 
distributed along Central Mountain Range (including 
Hsueshan Ridge, Central Mountain Ridge, Alishan 
Ridge and Yushan Ridge), whereas other taxa are either 
restricted to Lanyu ( Podocarpus costalis ), north-central 
Taiwan ( Podocarpus fasciculus), central Taiwan 
(Podocarpus nakaii), southern Taiwan ( Amentotaxus 
formosana, Podocarpus macrophyllus j var. 

macrophyllus), southeastern Taiwan (Cycas 
taitungensis, Pinus taiwanensis var. fragilissima), 
eastern Taiwan ( Juniperus tsukusiensis var. 
taiwanensis), or disjunct in northern and southern 
Taiwan ( Keteleeria davidiana var. formosana) (Table 
1 ). 

Vertically, they are distributed from coastal area to 
above 3400 m (Table 1). Non-endemic species are 
either of southern East Asian distribution such as 
Nageia nagi, Podocarpus macrophyllus, var. 
macrophyllus, P. macrophyllus var. maki, or shared 
with southeastern China such as Pinus massoniana, or 
shared with the Philippines such as Podocarpus costalis 
and Taxus sumatrana. However, most species received 
sources outside Taiwan except T. sumatrana which 
from Taiwan dispersed to the Philippines. For endemic 
taxa, four taxa ( Cycas taitungensis, Podocarpus nakaii, 
Keteleeria davidii var. formosana, Pinus taiwanensis 
war. fragilissima) are distributed between 500 to 1000 m 
regarding midpoint altitudinal distribution, seven 
species ( Amentotaxus formosana, Pinus morrisonicola, 
P. taiwanensis, Pseudotsuga wilsoniana, Taiwania 
cry’ptomeroidea, Calocedrus formosana, Chamecyparis 
formosana) between 1000-2000 m, nine taxa 
(Cephalotaxus wilsoniana, Podocarpus fasciculus, 
Picea morrisonicola, Pinus armandii var. masteriana, 
Tsuga formosana, Cunninghamia lanceolate var. 
konishii, Juiperus tsukusimensis var. taiwaniana, J. 
formosana var. formosana) between 2000 to 3000 m, 
and two species ( Abies kawakamii, Juniperus 
morrisonicola) above 3000 m. Apparently, endemic 
species are more diverse in mid-altitude between 1000 
to 3000 m. 

Relation between distribution patterns of endemic 
taxa of gymnosperms in Taiwan and those of their 
sister species 

Distribution patterns of sister species of Taiwan’s 
endemic gymnosperms may be classified into 10 types, 
namely, northwestern China (NWC), southwestern 
China (SWC), South China (SC), southern South China 
(SSC), central China (CC), southeastern China (SEC), 
eastern China (EC), Japan, Ryukyus, and Taiwan (Table 
3). There are six taxa ( Cephalotaxus wilsoniana, Picea 


morrisonicola, Tsuga formosana, Chamaecyparis 
formosensis, C. obtuse var. taiwaniana, Juniperus 
tsukusimensis var. taiwaniana) of Taiwan’s 
gymnosperms with sister species in Japan, four taxa 
(Amentotaxus formosana, Keteleeria davidii var. 
formosana, Taiwania cry’ptomeroidea, Calocedrus 
formosana) with sister species in SWC, three taxa 
(Abies kawakamii, Cunninghamia lanceolata var. 
konishii, Juniperus formosana var. formosana) with 
sister species in CC, two species ( Pinus taiwaniana, 
Pseudotsuga wilsoniana) with sister species in EC, two 
taxa (Pinus armandii var. formosana, P. morrisonicola) 
with sister species in SC, one species ( Podocarpus 
nakaii) with sister species in SSC, two taxa 
(Podocarpus fascisulus, Pinus taiwanensis var. 
fragilissima) with sister species in Taiwan, one species 
(Juniperus morrisonicola) with sister species in NWC, 
and one species (Cycas taitungensis) with sister species 
in the Ryukyus (Table 3). 

Midpoint altitudinal distributions of endemic 
gymnosperms in Taiwan with their sister species in 
SWC are distributed from 1800 to 2750 m, those in 
Japan are from 650 to 1950 m, those in CC are from 
2050 to 3050 m, those in SC are from 1300 to 1800m, 
those in EC are from 1650 to 1850 m, that in NWC is at 
3400 m, those in Taiwan are from 800 to 2000 m, and 
that in the Ryukyus is at 600 m (Table 3). Thus 
midpoint altitudinal distributions in Taiwan are above 
1800 m for endemic gymnosperms related to sister 
species in higher latitudes such as Japan, NWC, and 
CC, while they are below 2000 m for those related to 
sister species in lower latitudes such as SWC, SC, SSC 
and EC. 

DISCUSSIONS 

Contrasting distribution patterns among taxa of 
tropical, Southern Hemisphere and Northern 
Hemisphere origin in Taiwan 

In Taiwan, Cycadacea with one species is 
considered of tropical origin (TO), and Podocarpaceae 
with six taxa including four species and two varieties is 
considered of Southern Hemisphere origin (SMO), 
while three families, namely, Taxaceae (including 
Amentotaxaceae and Cephalotaxacae), Pinaceae and 
Cupressaceae (includingTaxodiaceae) are considered of 
Northern Hemisphere origin (NMO) and they contain 
21 taxa including 14 species and seven varieties. Four 
taxa of SMO are non-endemic and they are either 
shared with the Philippines (Podocarpus costalis), or 
shared with southern East Asia (Nageia nagi, Podocar 
pus macrophyllus var. macrophyllus, P. macrophyllus 
var. maki) and they are distributed below 650 m, 
contrasting to two non-endemic taxa of NMO either 
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Table 2: Percentage of endemism of gymnosperms in Taiwan based on midpoint altitudinal distribution (average of vertical 
distribution range). 


Midpoint altitudinal 
distribution (m) 

Number of 
endemic species 

Number of 
non-endemic species 

Percentage of 
endemism 

Percentage of 
endemism 

0-500 

0 

4 

0 

44.4 

500-1000 

4 

1 

80 

1000-1500 

3 

0 

100 

100 

1500-2000 

4 

0 

100 

2000-2500 

5 

1 

83 

90 

2500-3000 

4 

0 

100 

3000 and up 

2 

0 

100 

100 

Total 

22 

6 

78.5 

78.5 


Table 3: Distribution patterns of endemic gymnosperms in Taiwan and distribution types of their sister taxa. 

Distribution type of sister 
species of endemic taxa of 
gymnosperms in Taiwan 

Taxa of endemic gymnosperm in 
Taiwan 

Midpoint altitudinal 
distribution of taxa of 
gymnosperm in Taiwan (m) 

Total number 
of taxa 

Northwestern China (NWC) 

Juniperus morrisonicola 

3400 

1 


Amentotaxus formosana. 



Southwestern China (SWC) 

Keteleeria davidii var. formosana, 

Taiwania cryptomeroidea, 

Calocedrus formosana 

1800-2750 

4 

South China (SC) 

Pinus armandii var. masteriana, 

Pinus morrisonicola 

1300-1800 

2 

southern South China (SSC) 

Podocarpus nakaii 

650 

1 


Abies kawakamii. 



Central China (CC) 

Cunninghamia lanceolata var. konishii, 
Juniperus formosana var. formosana 

2050-3050 

3 

East China (EC) 

Pinus taiwaniana, 

Pseudotsuga wilsoniana 

1650-1850 

2 


Cephalotaxus wilsoniana, 

Picea morrisonicola, 



Japan 

Tsuga formosana, 

Chamaecyparis formosana, 

Chamaecyparis obtuse var. taiwaniana, 
Juniperus tsukusimensis var. taiwaniana 

650-1950 

6 

Ryukyus 

Cycas taitungensis 

600 

1 

Taiwan 

Podocarpus fascisulus, 

Pinus taiwanensis var.fragilissima 

800-2000 

2 


shared with southeastern China ( Pinus massoniana ) at 
400 m or shared with Malesia ( Taxus sumatrana) at 
2000 m (Tables 4 & 5). One species, Cycas 
taitungensis, of TO, and two species, Podocarpus 
fasciculus and P. nakaii, of SMO, contrasting 12 
species plus 7 varieties of NMO are endemic (Table 4). 
Midpoint altitudinal distributions of endemic taxa of TO 
and SMO is below 650 m except P. fasciculus at 2000 
m, contrasting to those of NMO above 600 m (Table 4). 


Horizontal distribution patterns of taxa of TO and 
SMO are spotted and restricted while taxa of NMO 
either are distributed widely and become important 
forest component such as Pinus taiwanensis, 
Chamaecyparis formosensis, Tsuga formosana, Abies 
kawakamii, Juniperus morrisonicola or are spotted and 
restricted. Endemism of taxa of TO plus SMO is 43% 
(3/7) contrasting 90.5% (19/21) of taxa of NMO (Table 
4). Species of TO, Cycas taitungensis, an endemic 
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species and possibly derived from lineage of 
C.panzhihuaensis in Yunnan, China, has dispersed to 
the Ryukyus and evolved to C. revoluta and it possibly 
has inhabited Taiwan for a long time due to having 
relatively high degree of molecular variation with C. 
panzhihuaensis (Kyoda and Setoguchi, 2010). Taxa of 
SMO are recently immigrants as shown by non-endemic 
status or have evolved within a short period of time as 
shown by sharing relatively short genetic distance with 
their sister species as P. fasciculus and P. nakaii (Table 
1). However, taxa of NMO could either have evolved 
within a short period of time as shown by non-endemic 
or variety status, or they are relics and have evolved for 
a long time as shown by sharing relatively long genetic 
distance (Table 1) and by disjunct distribution with their 
sister species. 

How is high degree of endemism of the gymnosperm 
flora of Taiwan derived? 

The endemism of the gymnosperm flora of Taiwan 
is 78.5% (22/28). Such a high endemicity is contributed 
by two in situ endemic taxa, namely, Podocarpus 
fasciculus and Pinus taiwanensis var. fragilissima, and 
20 other endemic taxa including 14 species and six 
varieties. Endemic varieties share relatively short 
genetic distance with their sister varieties, implying that 
such varieties have isolated and evolved within a 
relatively short period of time. Meanwhile, endemic 
species may be relict elements as shown by disjunct 
distribution or they share longer genetic distance with 
their sister species, especially with those distributed in 
Japan, northwestern China, southwestern China and 
central China (Table 1), implying that they have 
colonized Taiwan for a long period of time. Woody 
habit and inhabiting higher altitudinal distribution 
patterns seem to contribute to high degree of endemism 
in the Flora of Taiwan (Hsieh, 2002: Fig. 3 & Table 5) 
and both characters are found in gymnosperms in 
Taiwan. In addition, the oldest species in Taiwan seem 
to inhabit middle altitudes (Huang, 2011). Thus 
explanation may be given as follows. Long life spans 
and wider ecological niches shown by woody habit 
make gymnosperms slow to evolve to new species in 
situ and would be less sensitive to environmental 
changes and, especially, temperate essence as shown by 
distribution being mostly in middle altitudes makes 
them easily to find shelters during temperature 
fluctuations and makes them evolve accordingly over 
time. 

Migration routes of gymnosperms in Taiwan 

Possible source areas and migration routes have 
been reviewed and proposed for each taxon of gymno¬ 


sperms in Taiwan based on fossil histories and 
distribution patterns of their sister species and they are 
summarized in Table 5. For non-endemic species, 
Philippines, southern South China (SSC), central China 
(CC), eastern China (EC), and southeastern China 
(SEC) are the source areas from where either via South 
China Sea’s or Tungshan land bridge to Taiwan (Table 
5). For endemic species, four source areas outside 
Taiwan are recognized (Huang, 2011), namely, 
Sino-Himalayan subregion (sister species are distributed 
in northwestern China (NWC) and southwestern China 
(SWC)), IndoChina-Hainan (SSC), Sino-Japanese 
subregion (CC, EC, SC, SEC), and Japan. 

For endemic taxa with sister species distributed in 
Sino-Japanese subregion or Japan, their fossil histories 
may trace back to Asia or North America. For fossil 
histories trace back to North America, their ancestors 
crossed Beringia to northeastern Asia, and then either 
dispersed to Japan, CC, or EC, and further migrated to 
SEC, SC and SWC. From Japan, they further migrated 
through the Ryukyus to Taiwan. From EC they 
migrated via East China Sea’s land bridge or further 
through SEC via Tungshan land bridge to Taiwan. From 
CC they migrated through SEC via Tungshan land 
bridge to Taiwan. 

For taxon with sister species distributed in NWC, 
ex., Juniperus morrisonicola , fossil history may trace 
back to Europe, from where ancestors might have 
dispersed to the Himalayas, and from the eastern 
Himalayas migrated through Yunn-Kue Plateau, 
Nanling to Kwangtung and Fuchien ( cf. Wang, 
1992a,b), and from where further migrated via 
Tungshan land bridge to Taiwan. 

For taxa with ancestors or sister species mainly in 
SWC, ex., Cycas taitungensis, Amentotaxus 
formosanus, Keteleeria davidiana var. formosana, 
Taiwania cryptomeroides, and Calocedrus formosana, 
four migratory routes were proposed. The first route is 
that ancestors could have migrated from SWC through 
SSC via South China Sea’s land bridge to southern 
Taiwan such as Cycas taitungensis and Keteleeria 
davidiana var. formosana because they are distributed 
in southern Taiwan and inhabiting low altitudes. The 
second route is that ancestors could have migrated from 
SWC through SC and SEC via Tungshan land bridge to 
Taiwan such as Calocedrus formosana because it is 
distributed in central or northern Taiwan. The third 
route is that ancestors could have migrated from CC or 
EC through SEC via Tungshan land bridge to central 
Taiwan and further dispersed to other part of Taiwan 
while thier sister lineages could have migrated from CC 
to SWC and thus produced disjunct patterns, and such 
taxa in Taiwan is distributed in middle altitudes and 
have colonized Taiwan for a long time such as 
Amentotaxus formosana. The fourth route is that ances- 
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Table 4: Comparisons of diversity and distribution patterns of gymnosperms in Taiwan among tropical origin (TO), South 
Hemisphere origin (SMO) and North Hemisphere origin (NMO). 


Type of origin 

Taxa (boldface indicates endemic status) 

Number of taxa 

Midpoint altitudinal 
distribution (m) 

Endemic 

Non¬ 

endemic 

Endemic 

endemic 

Tropical origin 
(TO) 

Cycas taitungensis 

1 

0 

650 

Southern 

Hemisphere origin 
(SMO) 

Podocarpus fasciculus, 

Podocarpus nakaii, 

Podocarpus costalis, 

Nageia nagi, 

Podocarpus macrophyllus var. mcicrophyllus, 
Podocarpus macrophyllus var. maki 

2 

4 

600 and D . , 

2000 Below 650 

Northern 

Pinus massoniana, 

Taxus sumatrana, 

Amentotaxus formosana, 

Cephalotaxus wilsoniana, 

Abies kawakamii, 

Keteleeria da vidian a war. formosana, 

Picea morrisonicola, 

Pinus armandii var. masteriana, 

Pinus morrisoniacola, 

Pinus taiwanensis. 



,, 400 and 

Above 600 200Q 

Hemisphere origin 
(NMO) 

Pinus taiwanensis var. fragilissima, 
Psudotsuga wilsoniana, 

Tsuga formosana, 

Cunninghamia lanceolata var. konishii, 
Taiwania cryptomeroides, 

Calocedrus formosana, 

Ch am aecyparis form osensis, 

Chamaecyparis obtuse var. taiwanensis, 
Juniperus tsukusiensis var. taiwanensis, 
Juniperus formosana var. formosana, 
Juniperus morrisonicola 

19 

2 


tors could have migrated from Japan through the 
Ryukyus to Taiwan, while their sister lineages could 
have migrated from EC through CC to SWC and thus 
produced disjunct patterns, and such taxa in Taiwan is 
distributed in middle altitudes and have colonized 
Taiwan for a long time such as Taiwania 
cryptomeroides. 

For taxa with sister species distributed in 
Indochina-Hainan, ex., Podocarpus nakaii, ancestors 
might have migrated either via South China Sea’s land 
bridge to southern Taiwan and further dispersed to other 
part of Taiwan or through SC and SEC via Tungshan 
land bridge to central Taiwan. 

In summary, endemic taxa with fossil histories 
tracing back to Europe and their sister species 
belonging to Sino-Himalayan subregion are distributed 
in high altitudes in Taiwan. Endemic taxa with fossil 
histories tracing back to Asia or North America and 


their sister species in Japan or China’s Sino-Japanese 
subregion are distributed mainly in middle altitudes. 
Endemic taxa with fossil histories tracing back to North 
America and their sister species in SWC are distributed 
in low altitudes if they share short genetic distance with 
their sister species, while they are distributed in middle 
altitudes if they share long genetic distance with their 
sister species. Endemic taxa with sister species in 
Indochina-Hainan are distributed in low altitudes. 

Conclusions 

There are 28 taxa including 19 species and 9 
varieties of gymnosperms in Taiwan. Compared to the 
Flora of Taiwan 2 nd edition (Editorial Committee of the 
Flora of Taiwan 2nd edition, 1994), Nageia fleuryi is 
excluded and Pinus taiwanensis var. fragilissima is 
added in this paper. Species status of Calocedrus 
formosana and Tsuga formosana and variety status of 
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Table 5: Postulated source areas and migration routes of gymnosperms in Taiwan based on distribution patterns of their 
sister populations or sister taxa. 

Distribution of sister 
species of taxa of 
gymnosperms in Taiwan 

Possible source area and migration route of taxa 
of gymnosperms in Taiwan 

Examples 

Philippines 

From Luzon to Lanyu 

Podocarpus costalis 

From Taiwan to Philippines 

Taxus sumatrana 

Southern South China 
(SSC) 

From Hainan or southern Kwangtung through South 
China Sea’s land bridge to southern Taiwan, 

Nageia nagii, 

Podocarpus macrophyllus var. 
macrophy llus, 

Podocarpus macrophyllus var. maki 


from SSC further disperse to SEC through Tungshan 
land bridge to central Taiwan 

Podocarpus nakaii 

South China 
(SC) 

From SC via Tungshan land bridge to central Taiwan 

Pinus armandii var. masteriana, 

Pinus morrisonicola 

Southeastern China 
(SEC) 

From SEC through Tungshan land bridge to central 
Taiwan 

Pinus massoniana 

Central China 
(CC) 

From CC disperse to SEC through Tungshan land 
bridge to central Taiwan 

Abies kawakamii, 

Cunninghamia lanceolata var. konishii, 
Juniperus formosana var. formosana 

East China 
(EC) 

From EC disperse to SEC through Tungshan land 
bridge to central Taiwan, or from CC disperse to SEC 
through East China Sea’s land bridge to central- north 
Taiwan 

Pinus taiwaniana, 

Pseudotsuga wilsoniana 

Northwestern China 
(NWC) 

From the eastern Himalayas through the Yun-Kue 
plateau, Nanling to SEC, via Tungshan land bridge to 
central Taiwan 

Juniperus morrisonicola 


From SWC to southern South China through South 
China Sea’s land bridge to southern Taiwan 

Keteleeria davidii var. formosana. 


From SWC disperse to South China through 

Tungshan land bridge to central Taiwan 

Calocedrus formosana 

Southwestern China 
(SWC) 

Ancestors of extant Amentotaxus species might have 
migrated from northeastern China to central China. 
From there, one lineage migrated through 
southeastern China to Taiwan via Tungshan land 
bridge to become A. formosanum, and another lineage 
migrated to refuge of southwestern China and became 
disjunct distribution 

Amentotaxus formosana 


One lineage of Taiwania either migrated from eastern 
China through southeastern China via East China 

Sea’s land bridge to central-north Taiwan, or from 
Japan through the Ryukyus to northern Taiwan. 
Whereas another lineage either from EC or CC 
further disperse to SWC 

Taiwania ciyptomeroidea 

Japan 

From Japan through the Ryukyus to northern Taiwan 

Cephalotaxus wilsoniana, 

Picea morrisonicola, 

Tsuga formosana, 

Chamaecyparis formosana, 

Chamciecyparis obtuse var. taiwaniana 


From Japan to Taiwan through long distance dispersal 

Juniperus tsukusimensis var. taiwaniana 

Ryukyus 

From SSC via South China Sea’s land bridge to 
southern Taiwan and further dispersed to the Ryukyus 

Cycas taitungensis 

Taiwan 

From lower altitudes in Taiwan dispersed to higher 
altitudes and evolved 

Podocarpus fascisulus 


Locally differentiated populations 

Pinus taiwanensis var. fragilissima 
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Cunninghamia lanceolata var. konishii are retained. 
Scientific names are adopted for Juniperus 
morrisonicola instead of./. squamata and for Juniperus 
tsukusiensis var. taiwanensis instead of./, chinensis var. 
taiwanensis. These taxa may be categorized into tropical 
origin (TO), Southern Hemisphere origin (SMO) and 
Northern Hemisphere origin (NMO). 

Gymnosperm flora of Taiwan with high degree of 
endemism should owe to woody habits with wider 
ecological niches that are more adaptive to the 
environmental changes, and owe to temperate essence 
that is more easily to find shelters during temperature 
fluctuations. 

Taxa of TO and SMO are inclined to inhabit low 
altitudes and sporadically distributed, whereas taxa of 
NMO are inclined to inhabit middle to high altitudes, 
especially in northern and central Central Mountain 
Range and may widely or restrictedly distributed. 
Distribution patterns of endemic taxa of NMO in Taiwan 
are related with those of their sister species. In Taiwan, 
taxa with sister species in higher latitudes such as Japan, 
NWC and CC are distributed in higher altitudes with 
midpoint of altitudinal distributions over 2000 m, while 
taxa with sister species in lower latitudes such as SC, 
SSC, SEC are distributed in lower altitudes with 
midpoint of altitudinal distributions under 2000 m. 
While vertical distribution patterns in Taiwan are related 
with those of their sister species, horizontal ones may be 
blurred by long history of colonization in Taiwan. For 
example, Amentotaxus formosana is considered the 
oldest colonizer of gymnosperms in Taiwan (Huang, 
2011) and would be derived from the north, but its 
distribution in Taiwan is restricted to the southern part at 
present. Apparently, one can explain horizontal 
distribution patterns of taxa in Taiwan only through the 
study of historical biogeography of such taxa. Hence 
data on fossil histories and paleogeographical studies of 
such taxa in Taiwan should be obtained to explain thier 
distribution patterns. 

Most fossil histories of endemic taxa of NMO may 
trace back to Asia or North America (NAM) except 
Juniperus morrisoniocola that may trace back to Europe. 
Ancestors in NAM migrated to northeastern Asia via 
Biringia, from where dispersed southward either to 
Japan, or to northern China and then to central and 
eastern China. From Japan, ancestors either migrated 
southward to the Ryukyus and to Taiwan if sister species 
are in Japan, or they might have dispersed to continental 
Asia and evolved when Japan is a part of continental 
Asia and further migrated southward via East China 
Sea’s land bridge to Taiwan such as Pseudotsuga 
wilsoniana. From central or eastern China, ancestors 
migrated southward either via East China Sea’s land 
bridge or through southeastern China via Tungshan land 
bridge to Taiwan. Ancestors in Europe migrated south¬ 


ward to the Himalayas, through Yun-Kue Plateau, 
Nanling via Tungshan land bridge to 
Taiwan. Southwestern China (SWC) plus Indochina is 
both refuge and dispersal center. Taxa of SMO may 
disperse from the South Hemisphere through 
southeastern Asia to Indochina, from where migrated 
either through southern South China via South China 
Sea’s land bridge to southern Taiwan, or through South 
China via Tungshan land bridge to central Taiwan. When 
taxa of NMO share short genetic distance with their 
sister species in SWC, their migration routes are like 
those of SMO, whereas taxa of NMO share long genetic 
distance with their sister species in SWC, one lineage of 
their ancestors, possibly in central China or Japan, 
migrated to Taiwan while another lineage further 
dispersed to SWC and produced disjunct distribution 
patterns. 

LITERATURE CITED 

Adams, R. P., C.-F.Hsieh, J. Murata, and R. N. Pandey. 

2002. Systematics of Juniperus from eastern Asia based on 
Random Amplified Polymorphic DNAs (RAPDs). Bioch. 
Syst. and Ecol. 30: 231-241. doi: 

10.1016/S0305-1978(01)00087-4 
Adams, R. P. and A. E. Schwarzbach. 2012. Taxonomy of 
the turbinate shaped seed cone taxa of Juniperus, section 
Sabina: sequence analysis of nrDNA and four cpDNA 
regions. Phytologia 94: 388M03. 

Adams, R. P., C.-F. Hsieh, J. Murata and A. E. 
Schwarzbach. 2011. Systematics of Juniperus chinensis 
and J. tsukusiensis from Japan and Taiwan: DNA 
sequencing and terpenoids. Phytologia 93: 118-131. 

Bell, P. R. and A. R. Hemsley. 2000. Green plants: their 
origin and diversity, 2 nd edition. Cambridge University 
Press. Cambridge, U.K. vii + 349 pages. 

Brink, K. S., R. A. Stockey, G. Bear and W. C. Wehr. 2009. 
Cunninghamia hornbyensis sp. nov.: Permineralized twigs 
and leaves from the Upper Cretaceous of Hornby Island, 
British Columbia, Canada. Rev. Pal. Palyn. 155: 89-98. 
doi: 10.1016/j.revpalbo.2009.03.005 
Businski, R. 2003. A new hard pine (Pinus, Pinaceae) from 
Taiwan. Novon 13: 281-288. doi: 10.2307/3393258 
Chen C.-H, J.-P. Husng, C.-C. Tsai and S.-M. Chaw. 2009. 
Phylogeny of Calocedrus (Cupressaceae), an eastern Asian 
and western North American disjunct gymnosperm genus, 
inferred from nuclear ribosomal nrlTS sequences. Botanical 
Studies 50: 425-433. 

Chen J.-R. and D. W. Stevenson. 1999. Cycadaceae. Flora of 
China 4: 1-7. 

Chou, Y.-W., P. I. Thomas, X.-J. Ge, B. A. LePage and 
Wang C.-N. 2011. Refugia and phylogeography of 
Taiwania in East Asia. J. Biogeogr. 38: 1992-2005. doi: 
10.1111/j. 1365-2699.2011.02537.x 
Christenhuszi, M. J., J. L. Reveal, A. Farjon, M. F. 
Gardner, R. R. Mill and M. W. Chase. 2011. A new 
classification and linear sequence of extant gymnosperms. 
Phytotaxa 19: 55-70. 



Taiwania 


Vol. 59, No. 2 


Conran J. G., G. M. Wood, P. G. Martin, J. M. Dow, C. J. 
Quinn, P. A. Gadek and R. A. Price. 2000. Generic 
relationships within and between the gymnosperm families 
Podocarpaceae and Phyllocladaceae based on an analysis of 
the chloroplast gene rbcL. Aust. J. Bot. 48: 715-724. doi: 
10.1071/BT99062 

De Laubenfels, D. J. 1985. A taxonomic revision of the genus 
Podocarpus. Blumea 30: 251-278. 

Earle, C. J. (ed.). 2011. The Gymnosperm Database. 
http://www.conifers.org/index.php, accessed in December, 
2012 . 

Eckert, A. J. and B. D. Hall. 2006. Phylogeny, historical 
biogeography, and patterns of diversification for Pwus 
(Pinaceae): Phylogenetic tests of fossil-based hypotheses. 
Mol. Phylog. Evol. 40: 166-182. doi: 

10.1016/j.ympev.2006.03.009 

Editorial Committee of the Flora of Taiwan 2 nd Edition 

(eds.). 1994. Gymnospermae In: Flora of Taiwan 2nd 
Edition. Editorial Committee of the Flora of Taiwan 2nd 
Edition Publ., Taipei. Taiwan. Volume One, pp. 545-595. 
Farjon, A. 2010. A Handbook of the World’s Conifers. Brill 
Press, Leiden, the Netherlands. 1111 pages. 

Ferguson, D. K., J. Ahniche and N. K. L. Lavin. 1978. 
Amentotaxus Pilger from the European Tertiary. Fedd. 
Repert. 89: 379-410. doi: 10.1002/fedr.l9780890702 
Fu, D.-Z. 1992. Nageiaceae-a new gymnosperm family. Acta 
Phytot. Sin. 30: 515-528 (in Chinese with Englsih 
summary) 

Fu, L.-G., N. Li and R. R. Mill. 1990. Taxaceae. Flora of 
China 4: 89-96. 1999. 

Ge, X.-J., X.-L. Zhou, Z.-C. Li, T.-W. Hsu, B. A. Schaal and 
T.-Y. Chiang. 2005. Low genetic diversity and significant 
population structuring in the relict Amentotaxus argotaenia 
complex (Taxaceae) based on ISSR fingerprinting. J. Plant 
Res. 118: 415-422. doi: 10.1007/sl0265-005-0235-l 
Gernandt, D. S., G. G. Lopez, S. O. Garcia and A. Liston. 
2005. Phylogeny and classification of Pinus. Taxon 54: 
29-42. doi: 10.2307/25065300 

Hao, D.-C., B.-L Huang and L. Yang. 2008a. Phylogenetic 
Relationships of the Genus Taxus Inferred from Chloroplast 
Intergenic Spacer and Nuclear Coding DNA. Biol. Pharm. 
Bull. 31: 260-265. doi: 10.1248/bpb.31.260 
Hao, D.-C., P.-G. Xiao, B.-L. Huang, G.-B. Ge and L. Yang. 
2008b. Interspecific relationships and origins of Taxaceae 
and Cephalotaxaceae revealed by partitioned Bayesian 
analyses of chloroplast and nuclear DNA sequences. Plant 
Syst. Evol. 276: 89-104. doi: 10.1007/s00606-008-0069-0 
Havill N. P., C. S. Campbell, T. F. Vining, B. A. LePage, R.l 
J. Bayer, and M. J. Donoghue. 2008. Phylogeny and 
Biogeography of Tsuga (Pinaceae) Inferred from Nuclear 
Ribosomal ITS and Chloroplast DNA Sequence Data. Syst. 
Bot. 33: 478-489. doi: 10.1600/036364408785679770 
Hill, K. D. 2008. The genus Cycas (Cycadaceae) in China. 
Telopea 12: 71-118. 

Hill, J. D., 2011. GENUS Cycas. http://plantnet.rbgsyd.nsw 
.gov.au/PlantNet/cycad/cyckey.html#key, accessed in 
December, 2011. 

Hsieh, C. F. 2002. Composition, endemism and 
phytogeographical affinities of the Taiwan flora. Taiwania 
47: 298-310. doi: 10.6165/tai.2002.47(4).298 


Hu, S. Y. 1964. Notes on the Flora of China IV. Taiwania 10: 
13-62. 

Huang, S. F. 2011. Historical biogeography of the Flora of 
Taiwan. J. Taiwan Mus. 64: 33-63 (in Chinese with 
English summary) 

Hwang S.-Y., T.-P. Lin, C.-S. Ma, C.-L. Lin, J.-D. Chung 
and J.-C. Yang. 2003. Postglacial population growth of 
Cunninghamia konishii (Cupressaceae) inferred from 
phylogeographical and mismatch analysis of chloroplast 
DNA variation. Mol. Ecol. 12: 2689-2695. doi: 

10.1046/j.l365-294X.2003.01935.x 
Jin J.-H., J. Qiu. Y.-A. Zhu and T. M. Kodru. 2010. First 
fossil record of the genus Nageia (Podocarpaceae) in south 
China and its phytogeographic implications. Plant Syst. 
Evol. 285: 159-163. doi: 10.1007/s00606-010-0267-4 
Kelch D. G. 1998. Phylogeny of Podocarpaceae: comparison 
of evidence from morphology and 18S rDNA. Am. J. Bot. 
85: 986-996. doi: 10.2307/2446365 
Keng H. 1987. On the occurrence of Podocarpus fleuryi 
(Podocarpaceae) in Taiwan J. Taiwan Mus. 40: 29-32 (in 
Chinese with English summary) 

Kitching, I. J., P. L. Forley, C. J. Humphries and D. M. 
Williams. 1998. Cladistics: the theory and practice of 
parsimony analysis, 2nd edition. Oxford University Press. 
New York. U.S.A. xii +228 pages. 

Kyoda S. and H. Setoguchi. 2010. Phylogeography of Cycas 
revoluta Thunb. (Cycadaceae) on the Ryukyu Islands: very 
low genetic diversity and geographical structure. Plant 
Syst. Evol. 288: 177-189. doi: 10.1007/s00606-010-0322-l 
LePage, B. A. 2003. A new species of Tsuga (Pinaceae) from 
the middle Eocene of Axel Heiberg Island, Canada, and an 
assessment of the evolution and biogeographical history of 
the genus. Bot. J. Linn. Soc. 141: 257-296. doi: 
10.1046/j.1095-8339.2003.00131.x 
LePage, B. A. 2009. Earlier occurrence of Taiwania 
(Cupressaceae) from the early Cretaceous of Alaska: 
evolution, biogeography and paleoecology. Proc. Acad. 
Nat. Sci. Philadelphia 158: 129-158. doi: 

10.1635/053.158.0107 

Li, C.-Y. 2000. A study on Miocene flora in Taiwan. Doctoral 
thesis, Department of Botany, National ChungHsing 
University, Taichung, Taiwan. 97 pages + 16 plates (in 
Chinese) 

Li, H. L. 1953. Present distribution and habitats of the conifers 
andtaxads. Evolution 7: 245-261. doi: 10.2307/2405735 
Li, H. L. 1978. The relict genera of conifers and taxads in 
eastern Asia and their geographical distribution. In: Studies 
and Essays in Commemoration of the Golden Jubilee of 
Academia Sinica. pp. 419-438. 

Li, J.-H., D.-L. Zhang, M. J. Donoghue. 2003. Phylogeny 
and biogeography of Chaemaecyparis (Cupressaceae) 
inferred from DNA sequences of the nuclear ribosomal ITS 
region. Rhodora 105: 106-117. 

Liao, P.-J., T.-P. Lin and S.-Y. Hwang. 2010. Reexamination 
of the pattern of geographical disjunction of 
Chamaecyparis (Cupressaceae) in North America East 
Asia. Bot Stud. 51: 511-520. 

Lin, G.-D. 1982. A study of submarine landforms of the 
Taiwan Strait. Taiwan Strait 1: 58-63 (in Chinese with 
English summary) 



June, 2014 


Huang: Distribution of Gymnosperms in Taiwan 


Lin, T.-P., W.-J. Chuang, S. S. F. Huang and S.-Y. Hwang. 

2003. Evidence for the existence of some dissociation in 
an otherwise strong linkage disequilibrium between 
mitochondrial and chloroplastic genomes in 
Cyclobcilanopsis glauca. Mol. Ecol. 12: 2661-2668. doi: 
10.1046/j.l365-294X.2003.01912.x 
Liston A., M. Parker-Defeniks, J. V. Syring, A. Willyard, 
and R. Cronn. 2007. Interspecific phylogenetic analysis 
enhances intraspecific phylogeographical inference: a case 
study in Pinus lambertiana. Mol. Ecol. 16: 3926-3937. 
doi: 10.11 ll/j.l365-294X.2007.03461.x 
Liu, J., M. Moller, L.-M. Gao, D.-Q. Chang, and D.-Z. Li. 
2011. DNA barcoding for the discrimination of Eurasian 
yews ( Taxus L., Taxaceae) and the discovery of cryptic 
species. Mol. Ecology. Res. 11: 89-100. doi: 

10.1111/j. 1755-0998.2010.02907.x 
Liu, T.. 1966. Study on the phytogeography of the conifers 
and taxads of Taiwan. Bull. Taiwan For. Res. Inst. 122: 
1-33 (in Chinese) 

Liu, Y.-S., B. A. R. Mohr., and J. F. Basinger. 2009. 
Historical biogeography of the genus Chamaecyparis 
(Cupressaceae, Coniferales) based on its fossil record. 
Paleobio. Paleoenv. 89: 203-209. doi: 

10.1007/sl2549-009-0010-8 

Long, P. K., N.T.P. Trang, L.V. Averyanov and P.K. Loc. 

2011. Molecular characterization of Calocedrus rupestris 
Aver., H.T. Nguyen & L.K. Phan, 2008 (Cupressaceae) 
based on ITS1 partial sequence. Genet. Mol. Res. 10: 
3702-3711. doi: 10.4238/201 l.November.21.1 
Manchester S. R., Z.-D. Chen, A.-M. Lu and K. Uemura. 

2009. Eastern Asian endemic seed plant genera and their 

paleogeographic history throughout the Northern 
Hemisphere. J. Syst. Evol. 47: 1—42. doi: 

10.1111/j. 1759-6831.2009.00001.x 

Mao, K.-S., G. Hao, J.-Q Liu, R. P. Adams and R. I. Milne. 

2010. Diversification and biogeography of Juniperus 
(Cupressaceae): variable diversification rates and multiple 
intercontinental dispersals. New Phytol. 188: 254-272. 

Doi: 10.1111/j. 1469-8137.2010.03351.x 
Mill, R. R. 1999. A new combination in Nageia 
(Podocarpaceae). Novon 9: 77-78. doi: 10.2307/3392123 
Mutke, J. and W. Barthlott. 2005. Patterns of vascular plant 
diversity at continental to global scales. Biol. Skr. 55: 
521-531. 

Page, C. N. 1990. Pinatae. In: Kramer, K. U. and P. S. Green 
(ed.). The Families and Genera of Vascular Plants 
I-Pteridophytes and Gymnosperms. Springer-Verlag. 
Berin Heidelberg New York. U.S.A. pp. 290-361. 

Parks, M., R. Cronn and A. Liston. 2012. Separating the 
wheat from the chaff: mitigating the effects of noise in a 
plastome phylogenomic data set from Pinus L. (Pinaceae) 
BMC Evol. Biol. 12: 100. doi: 

10.1 186/1471-2148-12-100 

Qiu Y.-X., C.-X. Fu and H. P. Come. 2011. Plant molecular 
phylogeography in China and adjacent regions: Tracing 
the genetic imprints of Quaternary climate and 
environmental change in the world’s most diverse 
temperate flora. Mol. Phyl. Evol. 59: 225-244. doi: 
10.1016/j.ympev.2011.01.012 

Ran J.-H., X.-X. Wei and X.-Q. Wang. 2006. Molecular 
phylogeny and biogeography of Picea (Pinaceae): Impli¬ 


cations for phylogeographical studies using cytoplasmic 
haplotypes. Mol. Phyl. Evol. 41: 405-419. doi: 
10.1016/j.ympev.2006.05.039 

Shen, C.-F. 1997. The biogeography of Taiwan: 2. some 
preliminary thoughts and studies. J. Taiwan Mus. 40: 
361—450. (in Chinese with English summary) 

Shen, C.-F. and C.-H. Tsou. 1994. Cycadaceae. In: Editorial 
Committee of the Flora of Taiwan 2 nd edition (eds), Flora 
of Taiwan, 2nd edition. Editorial Committee of the Flora 
of Taiwan 2 nd edition Publ., Taipei, Taiwan. Volume One, 
Pp. 546-549. 

Shi G.-L., Z.-Y. Zhou and Z.-M. Xie. 2010. A new 
Cephalotaxus and associated epiphyllous fungi from the 
Oligocene of Guangxi, South China. Rev. Palaeob. Palyn. 
161: 179-195. doi: 10.1016/j.revpalbo.2010.04.002 
Shih F.-L., S.-Y. Hwang, Y.-P. Cheng, P.-F Lee, and T.-P. 
Lin. 2007. Uniform genetic diversity, low differentiation, 
and neutral evolution characterize contemporary refuge 
populations of Taiwan fir ( Abies kawakamii, Pinaceae). 
Am. J. Bot. 94: 194-202. doi: 10.3732/ajb.94.2.194 
Syring, J., K. Farrell, R. Businsky, R. Cronn and A. 
Liston. 2007. Widespread genealogical nonmonophyly in 
species of Pinus subgenus Strobus. Syst. Biol. 56: 
163-181. doi: 10.1080/10635150701258787 
Wang Y.-F., Q.-P. Xiang, D. K. Ferguson, E. Zastawniak, 
J. Yang and C.-S Li. 2006. A new species of Keteleeria 
(Pinaceae) in the Shanwang Miocene flora of China and 
its phytogeographic connection with North America 
Taxon 55: 165-171. doi: 10.2307/25065538 
Wang, D.-L., Z.-C. Li, G. Hao, T.-Y. Chiang and X.-J. Ge. 
2004. Genetic diversity of Calocedrus macrolepis 
(Cupressaceae) in southwestern China. Bioch. Syst. Ecol. 
32: 797-807. doi: 10.1016/j.bse.2003.12.003 
Wang, Q., D. K. Ferguson, G.-P. Feng , A. G. Ablaev, Y.-F 
Wang, J. Yang, Y.-L. Li and C.-S. Li. 2010. Climatic 
change during the Palaeocene to Eocene based on fossil 
plants from Fushun, China. Palaeog. Palaeocl. Palaeoec. 
295: 323-331. doi: 10.1016/j.palaeo.2010.06.010 
Wang, W.-P., C.-Y. Hwang, T.-P. Lin, and S.-Y. Hwang. 
2003. Historical biogeography and phylogenetic 
relationships of the genus Chamaecyparis (Cupressaceae) 
inferred from chloroplast DNA polymorphism. Plant Syst. 
Evol. 241: 13-28. doi: 10.1007/s00606-003-0031-0 
Wang, W.-T. 1992a. On some distribution patterns and 
migration routes found in the eastern Asiatic region. Acta 
Phytot. Sin. 30: 1-24 (in Chinese with English summary) 
Wang, W.-T. 1992b. On some distribution patterns and 
migration routes found in the eastern Asiatic region 
(Cont.). Acta Phytot. Sin. 30: 97-117 (in Chinese with 
English summary) 

Wei, X.-X., Z.-Y. Yang, Y. Li and X.-Q. Wang. 2010. 
Molecular phylogeny and biogeography of Pseudotsuga 
(Pinaceae): Insights into the floristic relationship between 
Taiwan and its adjacent areas. Mol. Phyl. Evol. 55: 
776-785. doi: 10.1016/j.ympev.2010.03.007 
Willionson, M. F., C. Sabag, J. Figueroa and J. J. Armest. 
1996. Frugivory and seed dispersal of Podocarpus 
nubigena in Chiloe, Chile. Rev. Chil. Hist. Nat. 69: 
343-349. 

Wu, M.-J., Huang, S.-F., Huang, T.-C., Lee, P.-F. and 
T.-P. Lin. 2005. Evolution of the Euphrasia transmorri- 



Taiwania 


Vol. 59, No. 2 



sonensis complex (Orobanchaceae) in alpine areas of 
Taiwan. J. Biogeogr. 32: 1921-1929. doi: 
10.1111/j. 1365-2699.2005.01327.x 

Wu, Z.-Y. and S.-G. Wu. 1998. A proposal for a new 
floristic kingdom (realm). In: Zhang, A.-L., and S.-G. Wu 
(eds.), Floristic Characteristics and Biodiversity of East 
Asian Plants. China Higher Education Press, Beijing, pp. 
3-42. 

Xiang Q.-P, Q.-Y. Xiang, Y.-Y. Guo and X-C Zhang. 2009. 
Phylogeny of Abies (Pinaceae) inferred from nrlTS 
sequence data. Taxon 58: 141-152. 

Xiang, X.-G., M. Cao and Z.-K. Zhou. 2006. Fossil history 
and modem distribution of the genus Abies (Pinaceae). 
Acta Bot. Yunn. 28: 439-452. (in Chinese with English 
summary) 

Yang, Y.-P. and S.-Y. Lu. 1994. Podocarpus. In: Editorial 
Committee of the Flora of Taiwan 2nd edition (eds.), Flora 
of Taiwan 2nd edition. Editorial Committee of the Flora of 
Taiwan 2nd edition Publ. Taipei, Taiwan. Volume One, 
pp. 559-566. 

Yang, Y.-P., H.-Y. Liu and S.-Y. Lu (eds.). 1997. 
Podocarpaceae. In: Manual of Taiwan Vascular Plants. 
The Council of Agriculture, the executive Yuan, Taipei, 
Taiwan. VolumeTwo, page 6-7. (in Chinese) 

Zhao, Z.-B. 1992. A preliminary study on the evolution of 
Taiwan Strait. Taiwan Strait 1: 20-24 (in Chinese with 
English summary) 


162 



June, 2014 


Huang: Distribution of Gymnosperms in Taiwan 



H3.JL 

1. ’ HM-irTF**.«&■ 521 

* ii.'f* i'f ° Phone: 886-3-5213132#2750; Fax:886-3-5257178: Email: sjhuang@mail.nhcue.edu.tw 
: 2013 402 J] 22 0 I 0 % '■ 2014^03 J] H a ) 

$#: ’ &#.MHk2UBU*.Mz3£Qf% • tS. B 0 H ft M '■ 

(i) £% (2) (3) 

b«?(4) ? 

£if^#4tt.#litt-4428 ia4«# > &#19 #49 fg# ° ftli^&if=&&*&# ,=.jfc * 4f ## (Nageia 
fleuryi) o if ’ rff] 4ti— (Finns taiwanensis var. fragilissima) M'Jiw^v ° £if j-Mili 

(Calocedrusformosana)lk.MM (Tsugaformosana) $MtM ’ 4# (Cunninghamia lanceolata var. konishi) 
° # 4 ^4^4 M'J iXJuniperus morrisonicola squamata > S'J iXJuniperus 

tsukusiensis var. taiwanensis -ft# J. chinensis var. taiwanensis. 3J.28 Hl4Jf!# / f&.444#.^C 

if, ’ 4 #J£;4iif'43b4-J4;4if'-=-l® 0 

##£ > 44 f ±!S#'Gt ’ : (2) 4##iS.4<H)4f : 

&if ° 

4 # $V 44 if, <£, !& 4f£4e if,^.4 Si#4 £ if M &4S.44 4^1.44 > JJ ^ Jt 4 sM&if,^4ii# S'] M ft 

;4£ itji|M£.44 ’ 3bSP ’ flu # 44 ’ 4#4J£^ 1444 ° 

y§;43b4J&feii^&if#4#4*$7 « • £*MMftt444 

a 4 • #©Jb > 4 t 4 ’ &if ^#4*iMi47,§ S*&44 ’ J-**4£44 + ■« $$H800 44 ° 
4S|jJ4:§f6|444fe£$ : Jt.itbIlL:lia4ft ’ IMS ft ’ 4£ft 4 ’ □ if ^#4 : fS-"?' ; li.#/44'IH8<i$4t44 ’ JL4i4 
4.44 4^4.42000 44 ° Jb4f$.tlM.f if #4#iMi#74-fbJS Jl £ ’ 144# (Juniperus morrisoniocola) 

fEJi^J-lMJiMh - ^#*SS^n3iftJ-^iJt|^Ub^iJH - > ##jfUb#-f± 

fti##4S'l a 4 ’ 4ji.4Jbftii4 + 444 ° 444 a 44 ’ -INAL a 4i%M4LJ4ft#4iM i I&if ’ 4# a 44 

4441^—4414 > ###444 > ftamt^ft## ’ ° it 44 + &# 4 ;f- * # 

4ft##i£M4i4l4*lftJ'Ji££if • iM##444ftM4ftl4#ftS'jii&if ° 

Ji&Sft ’ #«*■*$,§ ’ ft 4 M'jitif 4 • itb * #ajHiU®IM'Jit^if » + 

’ i^ji^P^^ffitS'Jiii^J a if ’ ^c!i.|^i£? ’ #i^.iiiS#S l Jit. t t 7 oif ° ^°^Jb J f L J;R45 : if,^.^ilM# 

#if #4MA4*/&Mb;6 44* £4^itbJl#^t# • 


Mitts] : 44 ' #4tt ' - feif, ' ' #if • 


163 



